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REPORT  OF  TEST 

USATECOM  PROJECT  NO.  4-3-1000-01-A 
MILITARY  POTENTIAL  TEST  OF  COMMERCIAL  "OFF-THE-SHELF' 


HELICOPTERS  AS  PRIMARY  HELICOPTER  TRAINERS 


PART  I - GENERAL 


A.  References.  A list  of  references  is  contained  in  part  III, 
appendix  B. 

B.  Authority. 

1.  Directive.  Message  TT  11128,  Headquarters,  USATECOM, 
28  June  1963. 

2.  Purpose.  To  determine  which  commercial  "off-the-shelf" 
FAA-certificated  helicopters  are  suitable  for  use  as  primary  helicop- 
ter trainers. 

C.  Background. 


1.  In  order  to  alleviate  an  existing  shortage  of  observation 
helicopters  in  tactical  units  throughout  the  Army,  the  Office,  Deputy 
Chief  of  Staff  for  Operations  (DCSOPS),  proposed  to  replace  the  UH-23(  ) 
helicopters  presently  used  at  Fort  Wolters,  Texas,  for  primary  helicop- 
ter training  with  low-cost,  off-the-shelf  helicopters.  After  this  concept 
was  staffed  and  approved  at  the  Department  of  Army  and  Defense  levels, 
DCSOPS  directed  the  US  Continental  Army  Command  (USCONARC)  to 
submit  a Statement  of  Requirement  for  a commercially-produced,  low- 
cost,  off-the-shelf  helicopter  to  replace  tactical  helicopters  presently 
in  use  as  primary  helicopter  trainers  at  the  US  Army  Primary  Helicop- 
ter School  (USAPHS).  In  compliance  with  the  directive,  USCONARC 
prepared  and  submitted  the  Statement  of  Requirement  in  December  1962. 
In  February  1963,  the  Director  of  Army  Aviation,  Office,  DCSOPS, 
forwarded  the  approved  Statement  of  Requirement,  as  amended,  to  the 
Commanding  General,  US  Army  Materiel  Command  (USAMC),  for 


evaluation  and  procurement  of  an  off-the-shelf  primary  helicopter  train- 
er. The  CG,  USAMC,  approved  a recommendation  of  the  US  Army 
Mobility  Command  (USAMOCOM)  to  establish  a two-step  procurement 
program^  Invitation  for  Bids  (IFB).  Step  One  of  the  two-step  program 
consisted  of  a request  for  technical  proposals  from  industry,  the  re- 
sponse of  the  bidders  to  the  request,  and  the  evaluation  by  the  US 
Army  Test  and  Evaluation  Command  (USATECOM)  of  the  bidder's  heli- 
copter and  technical  proposals  to  determine  the  acceptability  of  the 
helicopters  offered.  Step  Two  consists  of  a formal  procurement,  in 
which  bid  prices  will  be  submitted.  Competition  in  the  second  step 
will  be  strictly  confined  to  the  bidders  whose  helicopter  and  technical 
proposals  were  found  acceptable.  Step  One  of  the  IFB  was  prepared  by 
the  US  Army  Aviation  and  Surface  Materiel  Command  (USAAVSCOM) 
and  mailed  on  17  May  1963.  Delivery  to  the  US  Army  Aviation  Test 
Board  (USAAVNTBD)  of  one  production  model  helicopter,  with  a manu- 
facturer's written  technical  proposal  of  the  configuration  which  will 
meet  the  model  specification,  was  scheduled  for  30  days  after  receipt 
of  Step  One  of  the  IFB  by  industry.  To  expedite  tests,  the  schedule  of 
deliveries  of  the  test  helicopters  was  arranged  as  follows: 


PH-l 

10  June  1963 

PH-2 

21  June  1963 

PH-3 

9 July  1963 

PH-4 

25  July  1963 

PH-5 

3 August  1963 

PH-6 

14  August  1963 

PH-7 

30  August  1963 

_ PH-8 

3 September  1963 

PH-9 

12  September  1963 

2.  During  the  initial  staffing  and  coordination  of  this  program 
at  the  Department  of  the  Army  level,  it  was  concluded  by  the  Office, 
Assistant  Secretary  of  the  Army  for  Installations  and  Logistics  (OASA- 
I&L),  that  a limited  pre-procurement  evaluation  conducted  by  the 
USAAVNTBD  and  the  USAPHS  at  Fort  Rucker,  Alabama,  would  save 
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time,  reduce  overall  grogram  cost,  and  produce  the  desired  information 
required  for  Step  Two  of  the  program.  However,  OASAI&L  agreed  that 
if  the  evaluation  revealed  a low-cost  usable  trainer  consistent  with  the 
program  concept  but  doubt  existed  as  to  its  mission  suitability,  a post- 
procurement evaluation  would  be  conducted  at  Fort  Wolters,  Texas, 
using  the  helicopter  in  question  under  actual  student  training  conditions. 
Further,  should  results  of  such  an  evaluation  find  that  a light,  inexpen- 
sive helicopter  does  not  fulfill  the  primary  training  requirement,  fur- 
ther procurement  would  be  terminated. 

3.  Prior  to  the  completion  of  the  test,  the  PH-2,  PH-3,  and 
PH-8  were  withdrawn  by  the  manufacturers  on  5 July,  23  July,  and 
16  September  1963,  respectively.  The  remaining  helicopters  were  sub- 
jected to  a 60 -flying-hour  test.  Testing  was  completed  on  4 October  1963. 

D.  Description  of  Materiel.  Descriptions  of  each  test  helicopter 
are  contained  in  part  II. 

E.  Test  Objectives. 

1.  The  USAAVNTBD  evaluated  each  helicopter  to  determine: 

a.  Whether  each  helicopter  met  the  Model  Specification. 

b.  Whether  each  helicopter  met  the  Statement  of  Require- 
ment. 

c.  Whether  the  physical  characteristics  and  overall  config- 
uration of  each  helicopter  were  suitable. 

2.  Experienced  primary  flight  instructors  from  the  US  Army 
Primary  Helicopter  School  conducted  primary  flight  training  with  quali- 
fied student  officers  with  no  previous  flight  experience,  and  transition 
training  for  rated  Army  aviators  with  varied  experience  in  observation 
helicopters.  The  helicopter  was  repeatedly  flown  through  typical  train- 
ing missions  while  the  students  performed  maneuvers  included  in  the 
approved  flight  syllabus  of  the  US  Army  Primary  Helicopter  School, 

Fort  Wolters,  Texas.  The  following  areas  were  evaluated: 

a.  Adequacy  of  flight  controls. 


b.  Stability. 

c.  Power  reserve. 


d.  Autorotative  characteristics. 

e.  Latitude  for  student  error. 

f.  Training  endurance  considerations. 

g.  Location  of  controls. 

h.  Susceptibility  to  ground  resonance. 

F.  Coordination. 

1.  This  report  of  test  has  been  coordinated  with  the  US  Army 
Aviation  School  and  the  US  Army  Combat  Developments  Command 
Aviation  Agency  (USACDCAVNA).  The  USACDCAVNA  expressed  no 
staff  interest.  Comments  from  the  Commandant,  US  Army  Aviation 
School,  are  attached  as  appendix  A,  part  in. 

2.  It  is  recognized  that  certain  inconsistencies  exist  among 
the  reports  submitted  by  other  agencies  to  this  Board.  These  agencies 
tested  each  helicopter  from  a different  viewpoint  which  accounts  for 
many  of  these  inconsistencies.  As  each  of  these  reports  has  been  sub- 
mitted by  each  agency  to  its  higher  headquarters,  and  because  of  the 
short  time  allotted  for  revision  of  the  overall  report,  many  of  these 
inconsistencies  have  not  been  resolved. 

G,  Findings. 

1.  None  of  the  helicopters  and  associated  proposals  evaluated 
met  completely  all  requirements  contained  in  the  Model  Specification 
and  Statement  of  Requirement. 

2.  Each  helicopter  and  associated  proposal  evaluated  were 
found  to  have  deficiencies  and  shortcomings  which  adversely  affected 
the  suitability  of  its  overall  configuration. 

3.  The  PH*4,  PH-5,  PH-6,  and  PH-7  met  the  USAPHS  train- 
ing mission  requirement. 

4.  The  PH-1  and  PH-9  failed  to  meet  the  USAPHS  training 
mission  requirement  as  presently  established. 
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H.  Conclusions. 


1.  The  PH-4,  PH-5,  PH-6,  and  PH-7,  after  correction  of  defi- 
ciencies and  shortcomings  listed  in  paragraph  D,  section  one,  units  B, 
C,  D,  and  E,  part  II  of  this  report,  will  be  suitable  for  Army  use  as 
primary  helicopter  trainers. 

2.  The  PH-1  and  PH-9,  after  correction  of  deficiencies  and 
shortcomings  listed  in  paragraph  D,  section  one,  units  A and  F,  part 
II  of  this  report,  may  be  suitable  for  Army  use  as  primary  helicopter 
trainers.  However,  further  evaluation  would  be  necessary  in  the  train- 
ing environment  of  the  USAPHS  at  Fort  Wolters,  Texas,  before  their 
suitability  for  the  training  mission  requirement  can  be  conclusively 
determined. 

I.  Recommendations.  It  is  recommended  that: 

1.  The  PH-1,  PH-4,  PH-5,  PH-fc,  PH-7,  and  PH-9,  after 
correction  of  the  deficiencies  and  shortcomings  listed  in  this  report, 
be  considered  qualified  for  Step  Two  of  the  procurement  program. 

2.  If  the  PH-1  or  PH -9  is  successful,  final  determination 
of  its  suitability  for  the  training  mission  requirement  be  made  by  the 
USAPHS  after  further  evaluation  at  Fort  Wolters,  Texas. 

3.  Representatives  of  the  test  agencies  (to  include,  but  not 
be  limited  to,  the  US  Army  Primary  Helicopter  School,  the  US  Army 
Aviation  School,  the  US  Army  Board  for  Aviation  Accident  Research, 
the  US  Army  Aeromedical  Research  Unit,  and  the  US  Army  Aviation 
Test  Board)  be  present  when  the  unsuitable  areas  of  the  Model  Speci- 
fication noted  in  the  helicopters  and  the  manufacturers'  revised  tech- 
nical proposals  are  discussed  with  the  listed  manufacturers. 


President 
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ERRATA 


PART  II  - REPORT  OF  TEST 
USATECOM  PROJECT  NO.  4-3-  1000-01-A 


This  errata  sheet  has  been  prepared  in  accordance  with  letter, 
AMSTE-BG,  USATECOM,  31  December  1963,  subject:  "Report  of 
Test,  USATECOM  Project  No.  4-3-1000-01;  Military  Potential  Test 
of  Commercial  'Off-the-Shelf 1 Helicopters  as  Primary  Helicopter 
Trainers."  This  letter  requested  changes  of  reports  submitted 
by  other  agencies.  The  US  Army  Aeromedical  Research  Unit  alone 
has  authorized  changes. 


Page  No. 

Para.  No. 

Change 

12,  68,  112, 
156,  200,  and 
242. 

Cla(3) 

Change  "specifications"  to  "require- 
ment of  the  Statement  of  Require- 
ment" . 

13,  68,  113, 
156,  201,  and 
243 

Cla(7) 

Add  new  subparagraph:  "Required 
inertia,  reels  for  shoulder  har- 
nesses were  not  provided  or  pro- 
posed. " 

13,  69,  201, 
and  243 

Cla(8) 

Amend  to  read:  ".  . .of  this  air- 
craft is  not  adequate  Tor  a pri-7 
mar.y  trainer.  . . " 

14 

Clc(6) 

Amend  sentence  to  read:  "-.  . .with 
an  average  loss  of  altitude  of  170 
feet.  " 

16 

Cle(2) 

Change  "octane"  to  "performance 
number" . 

16,  71,  and 
116 

C2b 

Delete  paragraph  and  renumber  suc- 
ceeding paragraphs  accordingly. 

19,  74,  118, 
162,  206, 
and  250 

1.4 

Change  "Yes"  to  "Not  applicable". 

6-a 
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Page  No. 

Para.  No. 

Change 

23 

3.  6 

In  Remarks  column,  change  "used" 
to  "required,  " and  "octanfe"to 
"performance  number". 

24,  254 

3.7 

In  PH-1  Meets  Spec,  column,  change 
"No"  to  "Yes". 

27,  257 

C3b 

None. 

27 

C3b 

In  Remarks  column,  change  "is 
susceptible"  to  "was  susceptible!1. 

29 

Dlb 

Delete  paragraph  and  renumber 
succeeding  paragraphs . 

30 

D2c 

Change  "change-discharge"  to 
"charge -discharge!'. 

39,  269 

4 

Amend  to  read:  . illumination 

of  this  aircraft  is  not  adequate 
for  a primary  trainer.  . . " 

41 

21 

None. 

47 

2b(3) 

None. 

58 

3c 

None. 

70 

Clc 

Change  lead-in  to  read:  "The 
following  were  determined:" 

70,  158, 
and  245 

Clc(6) 

Amend  sentence  to  read:  ".  . .with 
an  average  loss  of  altitude  of  150 
feet.  " 

78,  210 

3.7 

In  Remarks  column,  add:  "The 

cockpit  and  instrument  panel 
illumination  of  thts  aircraft  is 
not  adequate  for  a primary  trainer 
capable  of  performing  night  train- 
ing missions.  See  paragraph  A3, 
section  two.” 
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Page  No. 

Para.  No. 

Change 

81 

3.  10 

In  Model  Specification  as  Amended 
column,  change  "with"  to  "will1.'. 

84,  216 

D2 

Add  new  subparagraph: 
Shortcoming:  "The  cockpit  and 
instrument  panel  illumination  is 
inadequate. " 

Suggested  Corrective  Action: 
"Provide  suitable  illumination.  " 

88 

4 

Amend  to  read:  ",  . .the  aircraft 
will  be  adequate  for  a primary 
helicopter  performing  night  missions 

89 

8 

Enter  "No"  in  lieu  of  dashed  line. 

89 

9 

Enter  "No  (Note  paragraph  3c.)" 
in  lieu  of  dashed  line. 

89 

12 

Change  "No"  to  "Yes." 

90 

20 

Change  dashes  to  "N/A." 

113,  156 

Cla(8) 

Amend  to  read:  "...  illumination 
of  this  aircraft  is  adequate  for  a 
primary  trainer  capable  of  per- 
forming night  training  missions." 

115,  203 

Clc(6) 

Amend  to  read:  ".  . .with  an  average 
loss  of  altitude  of  150  feet." 

124 

3.  10 

Remarks  should  read:  "Seat  belts 
did  not  meet  military  specifications, 
and  shoulder  harness  was  not 
proposed. " 

126 

Column 

Headings 

Change  "PH-1"  to  "PH-5'.'. 

126 

C3b 

Add  the  following  immediately 

preceding  Electrical: 


6-c 


Page  No.  Para.  No.  Change 

Requirement:  "Suitable  seat  belt 
and  shoulder  harnesses  for  both 
student  pilot  and  instructor.  " 

PH-5  Meets  Requirement  "No" 

Remarks:  "Seat  belts  did  not 
meet  military  specifications,  and 
shoulder  harnesses  with  inertia 
reels  were  not  proposed." 


127 

Dlb 

In  Deficiency  column, 
vided"  to  "proposed. " 

change  "pro 

151,  152 

Not 

None. 

Applicable 

159 

C2b 

Delete  "with  inertia  reels". 

166 

3.6 

Change  "No"  to  "Yes" 

and  amend 

Remarks  column  to  read:  "Engine 
installed  in  test  helicopter  required 
80/87  octane  fuel;  however,  technical 
proposal  specifies  an  engine  which 
will  operate  satisfactorily  on  Standard 
Army  fuels  and  lubricants." 


178 

13 

No  change. 

181 

3c 

Amend  first  sentence  to  read: 
"...  carbon  monoxide,  0.0005%, 
was  found.  . . " 

181 

3d 

Delete  paragraph,  and  renumber 
succeeding  paragraph. 

193 

3a 

No  change. 

204 

C2c 

Delete  "with  inertia  reels". 

206 

1.  3 

Add  the  following  to  Remarks 

I 

I 

I 

I 

I 

I 

I 

I 

I 


206 


Delete  "with  inertia  reels". 

Add  the  following  to  Remarks 
column:  "However,  an  FAA 
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Page  No. 

Para.  No. 

Change 

- 

certification  has  been  issued  to 
the  same  model  helicopter.* 

215 

Dla 

Amend  both  columns  to  read: 

. .belts  and  shoulder  harnesses 
did  not.  . . " 

Dlb; 

Delete  paragraph,  and  renumber 
succeeding  paragraphs. 

226 

4 

Amend  to  read:  ".  . .cockpit  and 
instrument  panel  illumination  of 
this  aircraft  would  be  adequate 
for  a primary  trainer  capable  of 
performing  night  training  missions." 

227,  228 

8,  20 

Change  dashes  to  "N/A." 

230 

2f 

No  change. 

246 

Cle(2) 

Change  "octane"  to  "performance 
numbe^.  " 

246 

Cle(4) 

Amend  first  sentence  to  read: 

".  . .of  oil  servicing  (see  paragraph 
2.14.1,  paragraph  D,  section  two). " 

247 

C2c 

Delete  paragraph,  and  renumber 
succeeding  paragraphs. 

254 

3.6 

Change  "No"  to  "Yes"  and  amend  first 
sentence  of  Remarks  column  to 
read:  "Engine  oil  required  in  the 
test  helicopter  was  not  standard  in 
the  US  Army;  however,  standard 
Army  engine  oil  can  be  used  in 
this  engine." 

259 

Dlb 

Delete  paragraph,  and  renumber 
succeeding  paragraphs. 

261 

D2f 

Amend  Shortcoming  to  read: 

" ...  to  minor  attitude  changes . " 
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Change 


Not 

Applicable 


Reverse  page  numbers 
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UNIT  A - COMPANY  A MODEL  PH-1 


SECTION  ONE 
USAAVNTBD  REPOR T 


A.  Description  of  Materiel. 

1.  The  PH-1  is  a single -engine,  two-place,  side-by-side, 
three-bladed  single  main  rotor  and  tail  rotor  type  helicopter.  Power 
is  supplied  by  an  HO-360-B1A  horizontally-mounted,  four -cylinder, 
opposed  type  air-cooled  non- supercharged  engine  which  provides  maxi- 
mum rated  power  at  sea  level  of  180  b.  hp.  at  2900  r.  p.  m.  Engine 
power  is  transmitted  to  the  rotors  through  drive  shafts,  a belt  drive, 
and  reduction  gear  boxes.  The  lower  pulley  of  the  belt  drive  is  con- 
nected to  the  engine.  The  upper  pulley  is  mounted  on  the  main  gear 
box  pinion,  the  end  of  which  is  also  splined  to  the  tail- rotor  drive 
shaft.  The  belt-drive  assembly  incorporates  an  idler  pulley,  con- 
trolled from  the  cockpit,  which  acts  as  a clutch  for  engaging  and  dis- 
engaging  the  engine  from  the  rotor. 

2.  Flight  controls  consist  of  a cyclic  stick,  collective  pitch 
stick,  and  antitorque  control  pedals.  Cyclic  trim  controls  (fore-and- 
aft  and  lateral)  are  of  the  adjustable  bungee  type.  Adjustable  friction 
devices  are  provided  for  the  collective  pitch  and  cyclic  controls. 

3.  The  main  rotor  is  fully  articulated  and  utilizes  three  all- 
metal  rotor  blades.  A two-bladed  antitorque  tail  rotor  mounted  on  a 
delta  hinge  provides  directional  control. 


4.  The  fuselage  components  are  attached  to  the  central 
framework  of  steel  tubing.  The  seat,  floor,  and  main  rotor  mast 
support  structure  form  a detachable  unit,  and  are  fabricated  from 
sheet  metal.  A tail  boom  is  fabricated  from  a single  piece  of  alumi- 
num tubing.  A transparent  plastic  canopy,  tinted  overhead,  is  pro- 
vided. A skid-type  landing  gear  incorporates  oleo-type  struts  be- 
tween cross  tubes  and  skids.  Ground-handling  wheels  are  removable 
and  are  positioned  at  the  front  of  the  skids  for  flight. 


5.  General  dimensions  of  the  helicopter  submitted  for  test 
are  listed  below: 
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a.  Overall  height 

b.  Overall  length 
(main  rotoi  tip 
to  tail  rotor  tip) 

c.  Rotor  diameter 

d.  Fuselage  width 

e.  Skid  gear  tread 
(maximum) 


8 feet  2.6  inches 
28  feet  3.0  inches 

25  feet 

4 feet  3.  0 inches 
6 feet  6.  5 inches 


B.  Scope  of  Test.  The  test  was  conducted  in  the  vicinity  of  Fort 
Rucker,  Alabama,  by  USAAVNTBD  project  officers  and  USAPHS  in- 
structor personnel.  The  tests  consisted  of  three  phases:  a 60-flying- 
hour  test,  a study  of  the  manufacturer's  technical  proposals  which 
described  changes  to  configure  the  test  helicopter  to  meet  the  stated 
requirements,  and  a comparison  of  the  helicopter  with  the  Model  Speci- 
fication and  Statement  of  Requirement.  In  addition,  the  US  Army  Board 
for  Aviation  Accident  Research  (USABAAR)  evaluated  the  aviation  safety 
aspect;  the  US  Army  Aviation  Human  Research  Unit  (USAAHUMRU) 
evaluated  the  human  factors  aspect:  and  the  US  Army  Aeromedical  Re- 
search Unit  (USAA.RU;  evaluated  noise  level,  internal  lighting,  and  heating 
and  ventilation. 

C.  Tests. 


1 . Evaluation  of  Physical  and  Flight  Characteristics.  Per- 
formance, Mission  Suitability,  and  Maintenance. 

a.  Physical  Characteristics. 


(1)  Basic  and  Operating  Weights.  The  helicopter  was 
weighed  as  delivered  with  oil  and  trapped  (unusable)  fuel.  To  this 
weight  (982  pounds),  the  weight  of  electronic  and  auxiliary  equipment 
required  for  Army  use  (95  pounds)  was  added,  and  the  weight  of 
currently-installed  equipment  not  required  for  Army  use  (28  pounds) 
was  subtracted,  resulting  in  a total  estimated  basic  weight  of  1049 
pounds.  The  estimated  mission  operating  weight  was  then  computed 
by  adding  to  the  estimated  basic  weight  the  weight  of  fuel  (150  pounds) 
and  400  pounds  (instructor  and  student).  Details  follow: 
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EMPTY  WEIGHT  as  weighed  (less 
ground-handling  wheels) 

982  lb. 

Weight  of  required  equipment  to  be  added: 

Shoulder  harness  and  inertia 
reel  (2  ea. ) 

6 lb. 

First-aid  kit  and  fire  extinguisher 

10  lb. 

AN/ARC-45  (UHF) 

27  lb. 

C-1611  interphone  (2  ea. ) 

4 lb. 

Attitude  indicator  (proposed) 

3 lb. 

MA-7  battery 

34  lb. 

Heater  (proposed) 

11  lb. 

TOTAL  ADDED 

95  lb. 

95  lb. 
1077  lb. 

Weight  of  installed  equipment  to  be  removed: 

Commercial  radio 

7 lb. 

Twelve- volt  battery 

21  lb. 

TOTAL  SUBTRACTED 

28  lb. 

-28  lb. 

TOTAL  BASIC  WEIGHT  (estimated) 

1049  lb. 

F uel 

150  lb. 

Instructor  and  student 

400  lb. 

MISSION  OPERATING  WEIGHT  (estimated) 

1599  lb. 

MAXIMUM  CERTIFICATED  GROSS  WEIGHT 

1600  lb. 

(2)  Center-of-Gravitv  Travel.  Control  travel 
ficient  to  provide  control  at  the  extremes  of  allowable  center- 

was  suf- 
of-gravity 
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(CG)  position  at  maximum  certificated  and  normal  operating  gross 
weights.  The  addition,  removal,  or  relocation  of  ballast  or  aircraft 
components  was  not  necessary  for  the  helicopter  to  remain  within  CG 
limits  when  changes  were  made  in  loading  of  the  helicopter  with  re- 
spect to  fuel,  instructor,  and  student.  No  determination  was  made  of 
the  helicopter's  CG  travel  when  flown  from  the  left  seat  as  the  rotor 
engage  lever  could  not  be  operated  from  the  left  seat. 


(3)  Ground  Clearance.  Ground  clearance  was  suffi- 
cient for  operation  in  unimproved  areas;  however,  engine  exhaust  stacks 
did  present  a fire  hazard  in  tall  grass.  At  normal  operating  r.  p.  m. 
ground-to-main-rotor  clearance  was  satisfactory  with  cyclic  stick 
centered  but  did  not  meet  specifications  when  cyclic  was  fully  displaced. 


(4)  Ground- Handling  Characteristics.  Ground -handling 
characteristics  of  the  helicopter,  with  removable  wheels  provided, 
were  satisfactory. 


(5)  Suitability  for  Hoisting,  Jacking,  and  Mooring.  The 
helicopter  was  equipped  with  suitable  hoisting  and  jacking  hard  points 
and  had  suitable  locations  on  the  structure  for  attachment  of  mooring 
lines. 


copter 


was  equipped  with  an  external  power  receptacle  wh  ch  was  com- 


patible with  Army  APU's. 


The  cockpit  configuration  and  arrangement  of  the  test  helicopter  were 
evaluated  except  for  those  items  changed  in  the  manufacturer's  technical 
proposal.  The  cockpit  configuration  and  arrangement  were  satisfactory 
except  for  the  following: 

(a)  The  rotor-engage  lever  was  accessible  from  the 
student  pilot  station  (right  seat)  only  and  could  not  be  reached  or  ope- 
rated from  the  instructor  pilot  station  (left  seat). 

(b)  The  engine  can  be  started  with  the  rotor  engage 
lever  in  the  "engage"  position.  This  will  result  in  dephasing  of  the 
dampers  and  possible  structural  damage  to  the  main  rotor  system. 

(c)  The  location  and  type  of  cyclic  trim  controls 
(fore-and-aft  and  lateral)  were  unsatisfactory.  Trim  controls  were 
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accessible  from  the  student  position  only  and  required  release  of  the 
collective  pitch  control  to  operate. 

(d)  The  location  of  cyclic  friction  controls  (fore-and- 
aft  and  lateral)  was  unsatisfactory.  Friction  controls  were  accessible 
from  the  student  position  only  but  required  release  of  the  collective 
pitch  control  to  operate. 

(e)  Installed  seat  belts  did  not  meet  Military  Specifica- 
tions. 

(f)  The  landing  light  ON  indicator  was  located  next  to 
the  oil  temperature  and  pressure  warning  lights  and  all  were  equipped 
with  red  cat-eye  lenses. 

(g)  Oil  temperature  and  pressure  warning  light  and 
anti-glare  shield  obstructed  the  view  of  warning-light  placards. 

(h)  Doors  were  not  jettisonable  for  emergency  exit. 

(8)  Suitability  of  Internal  Lighting.  The  USAARJJ  evalu- 
ation (paragraph  A,  section  two)  is  summarized  as  follows:  "The 
cockpit  and  instrument  panel  illumination  of  this  aircraft  did  not  meet 
the  Military  Standards  for  a primary  trainer  capable  of  performing 
night  training  mission.  " 

(9)  Suitability  of  External  Lighting.  The  position  lights, 
located  on  the  forward  cross  tubes  of  the  landing  gear  skids  were 
satisfactory.  Reflections  of  the  position  lights  from  the  polished 
aluminum  main-rotor  blades  were  distracting. 

(19)  Durability  and  Reliability.  Durability  and  reliability 
could  not  be  determined  within  the  relatively  short  test  time  specified. 

(11)  Transportability.  The  helicopter  is  capable  of  being 
transported  by  C-123/C-130  type  aircraft  and  by  surface  transport. 

(12)  Noise  Level.  The  USAARU  evaluation  (paragraph  A, 

section  two)  is  summarized  as  follows:  "Internal  and  external  sound 

pressure  levels  met  the  Statement  of  Requirement.  However,  nume- 
rous internal  measurements  exceed  the  Military  Specifications  for 
acoustical  noise  levels  in  Army  aircraft.  " 
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b.  Flight  Characteristics.  The  helicopter  was  flown  at 
gross  weights  up  to  the  maximum  certificated  (1600  pounds).  The 
following  was  determined: 

(1)  Stability.  The  stability  of  the  helicopter  was  un- 
satisfactory for  primary  student  training  (see  paragraph  d below). 

(Z)  Controllability.  Controllability  was  unsatisfactory 
for  primary  student  training  (see  paragraph  d below). 

c.  Performance.  The  helicopter  was  flown  at  FAA- 
certificated  gross  weight  of  1600  pounds  to  determine  whether  it  met 
the  performance  criteria  stated  in  the  Model  Specification  (see  para- 
graph 3a).  The  following  was  determined: 

(1)  The  helicopter  was  capable  of  cruising  at  65  knots 
true  airspeed  (TAS)  at  sea  level. 

(2)  Endurance  at  65  knots  (TAS)  was  2.  6 hours  at  a 
density  altitude  of  3200  feet. 

(3)  Hover -out- of- ground  effect  could  be  accomplished 
at  a density  altitude  of  4400  feet  which  is  equivalent  to  a pressure 
altitude  of  1000  feet  with  an  ambient  temperature  of  110°F, 

(4)  The  rate  of  climb  under  ICAO  sea  level  standard 
day  conditions  at  45  knot?  (TAS)  was  1500  feet  per  minute. 

(5)  The  autorotational  performance  was  determined  at 
4400  feet  density  altitude  (1000  feet  pressure  altitude,  110°F.)  and  at 
a true  airspeed  of  45  knots  for  maximum  gross  weight.  Tested  under 
these  conditions,  the  rate  of  descent  was  1800  feet  per  minute. 

(6)  In  autorotation  under  those  conditions  (paragraph 
(5)  above),  the  helicopter  regained  normal  rotor  r.  p.  m.  following  a 
decay  of  rotor  r.  p.m.  to  the  lower  operating  limit  with  an  average  of 
a 170-foot  loss  of  altitude. 

(7)  The  helicopter  was  capable  of  landing  cross  slope 
on  15-degree  slopes. 

(8)  Rapid  engagement  of  the  clutch  or  power  surges 
could  dephase  the  blade  dampers,  producing  a condition  conducive 
to  ground  resonance. 
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d.  Mission  Suitability.  This  portion  of  the  test  was  con- 
ducted by  USAPHS.  Their  report  (paragraph  B,  section  two)  is  sum- 
marized as  follows: 

"The  PH-1  Helicopter  is  unsuitable  for  the  training 
mission  because  of  the  following  characteristics: 

"a.  Sensitivity  of  the  directional  controls. 

"b.  Lack  of  sufficient  pedal  control  for  recovery 
from  student  errors  and  inadvertent  unusual  attitudes. 

"c.  The  rate  of  movement  to  the  point  from  which 
a safe  recovery  from  unusual  attitudes  becomes  difficult  is  exceedingly 
fast  thereby  allowing  insufficient  latitude  for  instructor  pilot  correc- 
tions. The  student  is  afforded  little  opportunity  to  correct  his  own 
mistakes. 

"d.  The  problems  of  directional  control,  insuffi- 
cient pedal  control,  and  latitude  for  student  error  are  magnified  by  a 
crosswind  condition. 

"e.  The  rapid  rotor  decay  after  initial  pitch  appli- 
cation with  subsequent  reduction  in  directional  control  during  touchdown 
autorotations  leaves  little  margin  for  a safe  recovery  from  student  error. 

"f.  The  techniques  required  for  the  autorotational 
touchdown  are  unacceptably  critical  for  primary  student  training. 

"g.  The  rapid  rotor  decay,  yawing  to  the  left  of 
approximately  forty-five  degrees,  and  attitude  changes  of  the  aircraft 
at  power  cut  for  a simulated  forced  landing  leave  no  margin  for  stu- 
dent error.  These  require  the  instructor  to  advise  the  student  in 
advance  of  the  maneuver  and  heavily  ride  the  controls,  thus  leading 
the  student  into  the  autorotational  descent. 

"h.  Any  rapid  application  of  throttle  to  join  the 
needles  or  to  apply  power  during  ground  operations  dephased  the 
blade  dampers  inducing  a condition  conducive  to  ground  resonance. 

"i.  Control  trims  and  friction  locks  are  available 
only  to  the  student  pilot.  Students  mistakenly  applied  friction  locks 
when  asked  for  cyclic  trim.  " 
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Maintenance. 


(1)  During  the  evaluation,  the  helicopter  was  main- 
tained by  the  manufacturer's  representative  with  military  personnel 
provided  for  servicing,  general  assistance,  and  maintenance  of  records. 
The  helicopter  required  only  organizational  maintenance.  The  general 
simplicity  of  the  aircraft  resulted  in  relatively  low  maintenance  man- 
hours per  flight  hours. 

(2)  Engine  operation  was  trouble  free  when  operated 
on  standard  Army  aviation  fuel  (1 15/145  octane). 

(3)  The  engine  was  not  operated  on  standard  Army 
aviation  lubricants  during  the  test.  High-detergent  oil  was  furnished 
by  the  manufacturer. 

(4)  With  the  exception  of  oil  servicing,  the  helicopter 
was  easy  to  service  and  maintain.  All  major  components  are  readily 
accessible;  however,  no  replacements  were  required  during  the  evalu- 
ation. 


(5)  The  blue  main -rotor-blade  drag  damper  was  re- 
peatedly dephased  by  power  surges.  Rephasing  required  readjustment 
with  special  tools  prior  to  continuing  flight. 

(6)  Tools  and  ground-support  equipment  normally  found 
at  the  organizational  level  were  adequate  for  organizational  maintenance 
with  the  exception  of  the  special  tools  required  for  rephasing.  Special 
tools  are  required  for  higher  echelons  of  maintenance. 

2.  Evaluation  of  Manufacturer's  Technical  Proposal.  The 
manufacturer's  technical  proposal  to  configure  the  test  helicopter  to 
meet  Model  Specification  was  reviewed  and  the  following  was  deter- 
mined: 


a.  The  landing  light  (ground  adjustable)  was  satisfactory. 

b.  Required  inertia  reels  for  shoulder  harnesses  were  not 
proposed. 

c.  Electronic  configuration  was  found  to  be  satisfactory 
with  the  exception  of  the  location  of  the  C- 1 6 1 1 interphone  control  which 
was  not  readily  accessible  from  either  the  instructor  or  the  student 
crew  station. 
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d.  Floor-mounted  and  cyclic-control-mounted  radio- 
interphone keying  switches  were  provided  for  both  student  and  instru- 
tor  pilot  stations. 

e.  The  proposal  for  a 24-volt  electrical  system  was  satis- 
factory. The  alternate  proposal  for  a 12- volt  electrical  system  was 
unsatisfactory. 

f.  A muff-type  heater  was  proposed. 

g.  An  attitude  indicator  was  proposed. 

h.  The  USABAAR  evaluation  {paragraph  C,  section  two)  is 
summarized  as  follows: 

"The  evaluation  considered  the  categories  of  Operation 
Safety,  Maintenance  Safety,  and  Crashworthiness.  USABAAR  considers 
this  aircraft  to  be  unacceptable  as  a primary  helicopter  trainer  because 
of  the  high  level  of  skill  required  to  successfully  perform  an  autorota- 
tion. " 

i.  The  USAAHUMRU  evaluation  (paragraph  D,  section  two) 
is  summarized  as  follows: 

"The  design  philosophy  of  the  PH-1  was  in  large  part 
guided  by  human  factors  considerations  related  to  the  primary  heli- 
copter training  mission.  As  a result,  the  aircraft  was  found  to  be 
highly  satisfactory  from  the  human  factors  standpoint.  Design  deci- 
sions in  large  part  appear  to  have  been  resolved  in  favor  of  the  crew, 
maintenance  personnel,  or  freedom  from  maintenance,  rather  than 
maximization  of  performance  parameters. 

"The  major  deficiencies  noted  were  poor  sideward 
visibility  for  tall  personnel,  an  unsatisfactory  location  for  the  C-1611 
Intercommunication  Set  Control,  and  failure  to  specify  the  manner  of 
installation  of  shoulder  harnesses.  In  its  proposed  location,  the 
C-1611  control  would  be  dangerous  due  to  its  sharp  edges,  difficulty 
to  use,  and  difficulty  to  see.  (Specification  of  this  relatively  large 
control  is  regarded  as  unrealistic  for  this  compact  helicopter,  and 
it  is  recommended  that  any  Army  purchase  specify  that  the  contractor 
provide  the  applicable  functions  of  these  C-1611  controls  at  the  loca- 
tion of  the  presently  installed  Interphone- Transmit  switch,  which  is 
quite  satisfactory. ) 
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' Strong  points  were:  good  visibility,  except  as  noted 
above;  and,  good  design  from  the  standpoint  of  inspection  and  main- 
tainability. " 

3.  Comparison  with  Model  Specification  and  Statement  of 
Requirement.  In  determining  whether  the  PH-1  met  the  requirements 
of  the  Model  Specification  and  Statement  of  Requirement,  the  charac- 
teristics of  the  helicopter  as  tested  and  an  evaluation  of  the  manu- 
facturer's technical  proposal  were  considered. 


a.  Comparison  with  Model  Specification  as  Amended. 


Mod. 

PH-1 

Spec. 

Model  Specification 

Meets  | 

Para.  No. 

as  Amended 

Spec.  Remarks  ■ 

1. 

SCOPE. 

f 

1.  1 

Scope.  This  detail  specifi- 
cation covers  the  essential 
requirements  for  the  design 

l 

r. 

of  a single  engine  primary 

helicopter  trainer  capable 
of  performing  the  mission 

*' 

specified  in  1.2. 

i 

1.1.1 

Designation  and  General 

Description. 

,1 

Army  Model  Designation  - 

1 

1 

Primary  Helicopter  Trainer 
(Army  Model  Number  not 

yet  assigned) . 

* W 

Number  of  Crew  - 1 Pilot 

Yes 

J 

Number  of  Passengers  - 
L Student 

Yes  .. 

Crew  and  Passenger  Seat- 
ing Arrangement  - Side  by 
Side 
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Model  Specification 
as  Amended 


PH-1 

Meets 

Spec. 


Remarks 


Flight  Controls  - Dual 

Type  of  Engine  - Recipro- 
cating 

Main  Rotor  System  - 
Single 

Mission.  The  primary 
Army  mission  for  which 
this  helicopter  will  be  em- 
ployed is  training  of  mili- 
tary pilots  in  the  basic 
operation  and  performance 
of  a helicopter.  Training 
will  be  accomplished  under 
conditions  to  which  Visual 
Flight  Rules  apply. 

Federal  Aviation  Agency 
Certification.  The  heli- 
copter will  have  a Part  6 
standard  airworthiness 
certificate  issued  by  the 
Federal  Aviation  Agency. 

Performance  Information. 
Those  items  of  perfor- 
mance stated  as  require- 
ments herein  which  are 
not  included  in  the  FAA 
approved  flight  manual 
are  subject  to  verification 
by  the  U.  S.  Army. 

APPLICABLE 

DOCUMENTS. 

The  documents  applicable 
to  this  specification  are 


See  paragraph  B, 
section  two. 
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those  necessary  to  fulfill 
the  requirements  of  para- 
graph 1.3,  Federal  Avi- 
ation Agency  Certification. 

REQUIREMENTS. 

Basic  Weight.  The  basic 
weight  of  the  helicopter 
will  include  all  required 
installed  equipment  includ- 
ing the  items  of  Paragraphs 
3.  7,  3.  8.  1.  1,  3.  8.  1.2  and 
the  Electronic  Equipment 
as  stated  in  Table  E, 
Appendix  I. 

Center  of  Gravity  Travel. 
Addition,  removal  or  re- 
location of  ballast  or  air- 
craft components  will  not 
be  necessary  in  order  to 
maintain  the  CG  within  CG 
limits  due  to  changes  in 
loading  of  the  helicopter 
with  respect  to  fuel,  pilot 
and  student. 


Useful  Load.  The  useful 
load  of  the  helicopter  will 
be  sufficient  for  400  lbs. 
in  addition  to  the  fuel  and 
oil  necessary  to  accom- 
plish the  2 1/2  hour  endur- 
ance mission  specified  in 
paragraph  3.  4.  1 . 


Required  Performance. 
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3.4.  3.2.  Rate  of  Descent.  At  the  Yes 

speed  designated  in  3.  4.  3.  1 
the  helicopter  will  not  ex- 
ceed a stabilized  autorota- 
tion rate  of  descent  of  2200 
feet  per  minute  under  con- 
ditions of  1000  ft.  altitude 
and  1 10°F. 


Mod. 
Spec. 
Para.  No 


Model  Specification 
as  Amended 


PH-1 

Meets 

Spec. 


Remarks 


, 


<1 


3.  4.  3. 


3 


3.  5 
3.  5.  1 
3.  5.  1.  1 


3.5.  1.2 


3.  5.  1.3 


3.5.  1.4 


- 


Rotor  R,  P.  M.  Decay.  In  Yes 

autorotation  at  the  speed  in 
3.  4.  3.  1 and  conditions  of 
1000  ft.  and  110°F.  , if 
rotor  R'.  P.  M.  decays  to 
the  lower  rotor  R.  P.  M. 
limit,  the  helicopter  will 
be  capable  of  regaining  nor- 
mal operating  R.  P.  M.  (as 
specified  by  the  manufac- 
turer) and  with  an  altitude 
loss  not  to  exceed  200  feet. 

Aircraft  Structure. 

Landing  Gear. 

Type  Landing  Gear . Skid  Yes 

type  landing  gear  which 
will  permit  running  take- 
offs and  landings. 

Slope  Landings.  The  land-  Yes 

ing  gear  will  permit  cross 
slope  landings  on  slopes  of 
15°. 

Ground  Handling.  Ground  Yes 

handling  wheels  are  re- 
quired. Weight  of  the 
ground  handling  wheels 
will  not  be  included  in  the 
weight  empty  if  they  are 
detachable. 

Hoisting.  Jacking,  and 
Mooring.  Previsions  will  Yes 

be  made  for  hoisting, 
jacking,  and  mooring. 
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Mod. 

Spec. 
Para.  No. 

Model  Specification 
as  Amended 

PH-1 

Meets 

Spec. 

Remarks 

3.  5.  2 

Main  Rotor  Blades. 

3.5.2.  1 

Blade  Interchangeability. 
The  main  rotor  blades  will 
be  individually  interchange- 
able. 

Yes 

3.5.3 

Control  Pedals.  Both  sets 
of  directional  control 
pedals  of  the  aircraft  will  be 
adjustable. 

Yes 

3.5.4 

Operating  Environment. 

3.  5.  4.  1 

Aircraft  Operation.  The 
aircraft  will  be  capable  of 
operating  in  temperatures 
from  0°F.  to  +100°F. 

Unde- 

ter- 

mined 

T emperature  s 
during  tests 
ranged  from 
75°F.  to  95°F. 

3.  5.4.  2 

Cabin  Heating.  The  air- 
craft  will  have  a heating 
system  which  provides  a 
minimum  of  50°F.  cabin 
temperature  with  0°F. 
outside  air  temperature. 
This  condition  need  only 
be  satisfied  with  the  engine 
operating. 

Unde- 

ter- 

mined 

Muff- type  heating 
system  proposed. 
Due  to  temperature 
ranges,  this  test 
could  not  be  con- 
ducted. 

3.6 

Fuel  and  Lubricants.  The 
engine  will  operate  on  such 
fuel  and  lubricants  which 
are  now  established  as 
standard  by  the  U.  S.  Army 
(Ref:  MIL-G-5572C  dated 
12  Jul  60  & MIL-L-22851 
dated  30  Jun  6 1 & MIL-L- 
6082C  dated  18  May  61). 

No 

Engine  oil  used 
was  not  standard 
in  the  Army.  En- 
gine operated  satis- 
factorily on  115/ 

145  octane  fuel. 
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Mod. 

Spec. 
Para.  No. 


3.  8.  1 


3.  8.  1.  1 


3.  8.  1. 2 


3.  8.  2 


3.8.  3 


Model  Specification 
as  Amended 

Instruments  and  Naviga- 
tional Equipment.  Flight 
instruments  and  lights  for 
day  and  night  VFR  condi- 
tions shall  be  furnished  and 
installed  by  the  contractor. 

An  attitude  indicator  shall 
be  provided  as  part  of  the 
basic  aircraft  instrumen- 
tation. 

Electrical. 

Lighting, 

Anti-Collision  Light.  The 
aircraft  will  have  an  anti- 
collision light.  The  light 
will  be  located  to  prevent 
reflection  into  the  cockpit. 

Landing  Light(g).  The  air- 
craft will  be  equipped  with 
landing  light(s)  which  will 
be  adjustable. 

The  landing  light  switch 
will  be  located  on  the 
pilot's  cyclic  or  collective 
control. 

Power  Receptacle.  The 
aircraft  will  be  equipped 
with  an  external  power 
receptable  of  an  AN  or 
AMS  standard  design. 

Switches  and  Auxiliary  Con- 
trols. All  switches  and 


PH-1 

Meets 


Remarks 


Instrument  light- 
ing was  unsatis- 
factory. See  para- 
graph A,  section 
two. 


Rotor  engage  lever, 


ro* 
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Mod. 

PH-1 

Spec. 

Model  Specification 

Meets 

Para.  No. 

as  Amended 

Spec. 

Remarks 

auxiliary  controls  neces- 

cyclic friction 

sary  for  flight  and  naviga- 

controls, and 

tion  will  be  accessible 

cyclic  trim  con- 

and within  reach  of  the 

trols  were  not 

student  pilot  and  the  in- 

available to  the 

structor  pilot. 

IP.  Cyclic  fric- 
tion controls  and 
cyclic  trim  con- 
trols were  diffi- 
cult for  the  stu- 
dent to  reach. 
The  C- 161 1 con- 
trol head  was 
difficult  to  see 
and  read. 

Switches  and  controls  shall 
be  operable  in  flight  by 
personnel  wearing  winter 
flight  clothing. 

No 

Accessible  floor  mounted 
and  cyclic  control  mounted 
radio-interphone  switches 
will  be  provided  for  both 
student  pilot  and  instruc- 
tor. 

Yes 

3.  9 

Electronic  Equipment.  The 
aircraft  will  be  equipped 
with  the  electronic  equip- 
ment as  indicated  in  Appen- 
dix I. 

Yes 

3.  10 

Safety  Equipment.  Seat 

Yes 

Seat  belts  and 

belt  and  shoulder  harness 

shoulder  harnesses 

will  be  furnished  for  all 

did  not  meet  Mili- 

occupants. 

tary  Specification. 
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Mod.  PH-1 

Spec.  Model  Specification  Meets 

Para.  No.  as  Amended Spec.  Remarks 


Appendix  I 
C ommunic  lion 


UHF  - AN/ ARC -45,  1 ea. 

ICS  - C-  1611,  2 ea. 

Miscellaneous 

Antenna  - AT-450/ARC, 

1 ea. 

Battery  - Sonotcne  MA-7, 
1 ea. 


Yes  GFE 

Yes  GFE 

Yes  GFE 

Yes 


Inverter  (If  required  either 

Yes 

Self-contained 

inverter  listed  will  be  a 

inverter  was 

suitable  substitute  for 

proposed  with 

standard  equipment)  - 

the  attitude 

Leland  MIL-E-93-200  or 
Bendix  328- 172- 1 , 1 ea. 

indicator. 

b.  Comparison  with  Statement  of  Requirement.  A compari- 
son with  the  Statement  of  Requirement  (reference  4)  excluding  those  re- 
quirements covered  by  the  Model  Specification  follows: 


Requirement 


PH-1  Meets 

Requirement  Remarks 


Size 

It  is  desired  that  the  external  Yes 

dimensions  of  the  helicopter, 
less  rotor,  not  exceed  8 feet 
in  height,  23  feet  in  length, 
and  7 feet  in  width. 

With  full  cyclic  movement,  No  With  cyclic  centered 

the  rotor  blade  tip  clearance  and  normal  rotor  r.  p.  m.  , 
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_ 


_ 


above  the  ground  level  ground-to-main-rotor 

should  not  be  less  than  6 feet  clearance  was  satisfac- 


! 


i 

i 


, 


4 


i 


with  rotors  turning. 

A minimum  rotor  diameter 
consistent  with  good  autoro- 
tative  characteristics  is  de- 
sired. 


Structure  and  Design 


The  following  will  be  required: 


Main  rotor  blades  which  are 
interchangeable,  without  re- 
tracking are  desirable. 


If  more  than  two  main  rotor 
blades,  provisions  should  be 
provided  for  simple  expedi- 
tious folding  and  unfolding. 


It  shall  be  free  from  ground 
resonance. 


Yes 


Yes 


No 


Suitable  seat  belt  and  shoulder  No 

harness  for  both  student  pilot 
and  instructor. 


tory. 


Fully-articulated  rotor 
head  is  susceptible  to 
ground  resonance. 

Seat  belts  and  shoulder 
harnesses  did  not  meet 
Military  Specification 
and  inertia  reels  were 
not  proposed. 


Electrical 

The  following  are  required; 
Lighting;  adequate  position, 
cockpit,  anti-collision,  and 
landing  lights  for  night  flight. 
Position  and  anti-collision 
lights  to  be  positioned  to 


No  Position  light  caused 

distracting  reflections 
on  main  rotor  blade. 
Cockpit  lighting  not 
satisfactory.  Landing 
light  specified  in 


PH-1  Meets 

— .S<^^ir.ement  Requirement 

prevent  reflection  into  the 
cockpit;  landing  light  to  be 
adjustable. 

Durability  and  Reliability 

Engine  and  dynamic  compo-  Undetermined 

nents  should  not  be  materially 
affected  by  dust,  sand,  mois- 
ture, etc.  , encountered  in 
operation  from  unprepared 
areas. 

Noise  Level 

The  lowest  possible  noise  Yes 

level  is  desired  without  use 
of  a complex  or  elaborate 
muffler  system  or  extension 
or  heavy  insulation. 


Personnel  Considerations 

No  new  personnel  skills  will  Yes 

be  required. 


Training  Considerations 

No  new  training  requirements  Undetermined 
will  be  generated. 


No  supporting  training  devices  Yes 

other  than  those  on  hand  at 
the  US  Army  training  base 
are  required. 


t 

* 


Remarks 


technical  proposal 
will  be  ground  adjust- 
able. 


Exceeded  MIL-A-8806 
in  all  areas  (reference 
paragraph  A,  section 
two);  however,  a stand- 
ard muffler  was  avail- 
able. 


Due  to  similarity  of 
the  helicopter  to  other 
helicopters  in  the  Army 
inventory,  no  new  skills 
will  be  required. 


Further  evaluation  in 
an  actual  training  en- 
vironment is  required. 
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D.  Deficiencies  and  Shortcomings. 


1.  The  following  deficiencies  were  noted  during  conduct  of  the 
test: 


Deficiency 

a.  Directional  control  was  un- 
satisfactory. 

b.  Throttle  and  pitch  correlation 
was  unsatisfactory. 

c.  Spring-loaded  throttle  with  no 
override  position  was  unsatisfactory. 

d.  Low  inertia  rotor  system  was  un- 
satisfactory. 

e.  Aircraft  became  unstable  with 
inadvertent  application  of  left 
pedal  in  autorotation. 

f.  Crashworthiness  was  unsatis- 
factory. 

g.  The  engine  could  be  started 
with  the  rotor-engage  lever  in  the 
"engage"  position. 

h.  Rotor-engage  lever  was  acces- 
sible from  the  student  pilot  station 
only  and  could  not  be  operated  from 
the  instructor  pilot  station. 

i.  The  location  and  proposed  type 

of  trim  controls  were  unsatisfactory. 

j.  The  location  of  cyclic  friction 
controls  was  unsatisfactory. 

k.  Doors  were  not  jettisonable. 


Suggested  Corrective  Action 

Decrease  sensitivity  of  direc- 
tional control. 

Improve  throttle  and  pitch 
correlation. 

Provide  override  position. 
Increase  rotor  inertia. 

Improve  stability. 

Reference  paragraph  C, 
section  two. 

Provide  a system  to  prevent 
starter  engagement  with  the 
rotor- engage  lever  in  the 
"engage"  position. 

Relocate  rotor-engage  lever. 

Provide  suitable  trim  controls. 
Relocate  cyclic  friction  controls. 
Provide  jettisonable  doors. 
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Deficiency 

l.  Cockpit  and  instrument  illumi- 
nation did  not  meet  military  stand- 
ards. 

m.  Proposed  location  of  C- 16 1 1 
interphone  controls  was  unsatis- 
factory. 

n.  Inertia,  reels  were  not  provided 
on  the  test  helicopter  or  included 
in  the  technical  proposal. 

o.  Seat  belts  did  not  meet  military 
specification. 


p.  Helicopter  was  susceptible  to 
ground  resonance. 


Suggested  Corrective  Action 


Provide  illumination  which 
meets  military  standards. 


Relocate  C-1611  interphone 
controls. 


Provide  inertia  reels. 


Install  seat  belts  and  shoulder 
harnesses  which  meet  mili- 
tary specification. 

Unknown. 


the  test: 


2.  The  following  shortcomings  were  noted  during  conduct  of 


Shortcoming 

a.  No  provisions  were  made  for 
quick- disconnect  of  the  battery. 

b.  Oil  temperature  and  pressure 
warning  light  placards  were  ob- 
structed by  the  landing  light  cau- 
tion indicator  glare  shield. 

c.  An  ammeter  measuring  change- 
discharge  rates  of  the  battery  was 
provided  in  lieu  of  a load  meter 
measuring  the  load  on  the  generator. 

d.  Engine  exhaust  presented  a fire 
hazard  in  tall  grass. 

e.  Engine  instruments  group  was 
unsatisfactory. 


Suggested  Corrective  Action 

Provide  for  quick-disconnect  of 
battery. 

Relocate  the  landing  light 
caution  indicator  glare  shield. 


Install  load  meter. 


Provide  adequate  shielding. 

Provide  satisfactory  instru- 
ments group. 


Shortcoming 


Suggested  Corrective  Action 


f.  Landing  light  on  indicator 
(cat-eye)  light  had  red  lens  and 
was  located  in  close  proximity  to 
oil  pressure  warning  light. 

g.  Airspeed  indicator  was  sensi- 
tive to  minor  attitude  changes. 

h.  Pitch  change  push-pull  rods 
were  susceptible  to  damage  if  used 
as  hand  holds. 

i.  Magnetic  chip  detectors  were 
not  installed. 


Change  red  color  lens  to  amber 
color  and  relocate  indicator. 


Provide  satisfactory  airspeed 
indicator. 

Placard  pitch  change  push- 
pull  rods. 

Install  magnetic  chip  detectors 
of  the  continuous  read-out  type 
in  the  transmission  and  engine 
oil  sumps. 
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A US  Army  Aeromedic.al  Research  Unit  35 

B US  Army  Primary  Helicopter  School  45 

C US  Army  Board  for  Aviation  Accident  Research  55 

D US  Army  Aviation  Human  Research  Unit  59 


PARAGRAPH  A 


Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 


USAARU-FO 


29  July  1963 


NOISE  EVALUATION  OF  THE  PH-  1 


1.  Methods  and  Equipment. 

a.  Due  to  the  number  of  aircraft  to  be  tested  and  the  short  time 
available,  the  noise  analysis  was  limited  to  the  following: 

(1)  "A"  - 24-55  db:  sound  level  for  speech  interference. 

(2)  "B"  - 55-85  db:  sound  level  for  noise  survey. 

(3)  "C"  - 85-140  db:  sound  pressure  level- -over-all  fre- 

quency response. 

b.  A General  Radio,  Sound- Level-Meter , type  1551-C,  was 
used  for  the  noise  measurements. 

c.  The  test  area,  located  at  County  Line  Strip,  is  a pre-marked 
compass  rose  with  a 50  foot  radius. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 


Normal  cruise 
Maximum  cruise 


Dooi  On  Doors  Off  MIL- A- 8806 

109  112  106 

112  115  113 


a.  Operation  of  this  helicopter  at  normal  cruise  with  the  cockpit 
doors  on  or  off  produces  internal  sound  pressure  levels  in  excess  of 
Table  I MIL-A-8806. 


b.  Operation  of  this  helicopter  at  maximum  cruise  with  the 
doors  off  produces  internal  sound  pressure  levels  in  excess  of  Table 
IV  MIL-A-8806. 


V t PRECjjflJIMJ  GNPS  BLANK- NOT  FILMED 


c.  There  are  no  military  specifications  for  external  noise. 
Raw  data  is  included  for  comparison  purposes  only. 

4.  Summary.  Improvements  should  be  made  to  reduce  noise 
levels  to  meet  military  specifications  (MIL-A-8806). 


r 
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/ s/  William  C.  Thrasher 
/t/  WILLIAM  C.  THRASHER 
2/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 


Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


USAARU-FO 


25  June  1963 


LIGHT  EVALUATION  OF  THE  PH-  1 


1.  Methods  and  Equipment. 

a.  The  evaluation  consisted  of  in-flight  analysis  of  the  air- 
craft's lighting  system  under  night  conditions.  Criteria  for  this 
evaluation  were  derived  from  U.  S.  Navy  Specifications  governing 
cockpit  and  instrument  panel  illumination  modified  to  meet  Army 
requirements. 

b.  A standard  Norwood  photo-electric  meter  was  used  to 
measure  over-all  cockpit  illumination  from  the  auxiliary  hand  light  or 
map  light. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Luminous  paint  and  ultraviolet  light  used  to  illuminate 
instrument  dials  and  gauges  afford  adequate  light  intensity  but  impair 
visual  acuity.  The -extreme  contrast  between  the  black,  light  absorb- 
ing background  of  the  dials  and  the  luminous  markings  can  cause  dis- 
comfort and  distraction  to  an  inexperienced  aviator. 

b.  When  the  instrument  panel  lights  were  adjusted  to  ade- 
quately illuminate  the  instruments,  a great  amount  of  light  was  reflected 
from  the  bubble  into  the  pilot's  eyes.  With  the  instrument  panel  lights 
turned  off,  a complete  panel  of  luminous  dials  and  gauges  was  reflected 
in  the  bubble. 

c.  An  auxiliary  light  or  map  light  should  be  placed  in  the  cock- 
pit to  aid  in  navigation  and  to  furnish  light  in  case  of  electrical  failure 
of  the  instrument  panel  lighting  circuit. 

d.  The  running  lights  mounted  on  the  bubble  above  each  door 
should  be  moved  to  reduce  reflection  in  the  cockpit. 
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USAARU-FO 

SUBJECT:  Light  Evaluation  of  the  PH-1 


25  June  1963 


e.  The  landing  light  should  be  mounted  on  an  adjustable  brack- 
et allowing  the  pilot  to  adjust  the  light  to  his  angle  of  approach. 

4.  Summary.  At  present  the  cockpit  and  instrument  panel  illumi- 
nation of  this  aircraft  does  not  meet  the  military  standards  for  a pri- 
mary trainer  capable  of  performing  night  training  missions. 


/s/  William  C.  Thrasher 
/ 1/  WILLIAM  C.  THRASHER 
2/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 

COCKPIT  LIGHT  STUDY 
PH-1 

Are  all  instruments  adequately  illuminated?  No  (Note  para  3a). 

Are  they  illuminated  uniformly?  Yes  Is  there  sufficient  inten- 
sity? Yes 

Is  illumination  controllable  to  very  low  intensities?  Yes  (Rheostat) 


Are  markings  of  instruments  readable?  No 


Are  all  controls,  instructions,  and  nameplates  adequately  illumi- 
nated? No 

Are  they  illuminated  uniformly?  No  Is  there  sufficient  inten- 
sity? No 

Is  illumination  controllable  to  very  low  intensities?  No  (Note  para 
3b). 

Are  markings  on  controls,  instructions  and  nameplates  readable? 
No 


Is  the  intensity  of  lighting  for  some  instruments  and  controls  con- 
trolled separately?  N/A 

Is  an  auxiliary  light  provided?  No  Is  the  light  standard  red? 
N/A 


Is  the  power  source  independent  of  normal  lighting  circuit?  N/A 


Are  there  any  sources  of  light  which  give  other  than  standard  red 
light?  Yes 

Are  there  any  reflections  in  the  windshield,  windows,  canopy  or 
other  reflecting  surfaces  which  interfere  with  visibility  inside  or 
outside  the  cockpit?  Yes  (Note  para  3b). 

ANNEX  A 
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14.  Is  there  light  leakage  into  the  cockpit  from  other  compartments? 

N/A 

15.  Are  spare  lamps  provided  in  sufficient  quantity  and  easily  acces- 
sible? N/A 

16.  Are  all  instruments,  instructions,  nameplates,  and  control  mark- 
ings readable  in  daylight?  Yes 

17.  Are  warning  and  caution  lights  adequate  for  night  operations?  Yes 

18.  Are  warning  and  caution  lights  of  sufficient  intensity  for  daylight 
use?  Yes 

19.  Are  warning  and  caution  lights  on  the  main  dimming  circuit?  No 

20.  Is  lighting  provided  in  accordance  with  the  aircraft  detail  specifi- 
cation? N / A 

21.  Is  the  auxiliary  light  adequate  for  reading?  No 

22.  Does  the  light  cause  glare  to  cockpit?  N/A 

23.  Is  there  adequate  general  illumination  for  the  compartment?  No 
(Note  para  3c). 

24.  Do  any  of  the  exterior  lights  provide  glare  in  the  cockpit?  Yes 

(Note  para  3d,  e). 

25.  Is  exterior  lighting  provided  in  accordance  with  FAA?  Yes 


( 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


USAARU-FO 


25  June  1963 


REPORT  ON  PH-1 

1.  Method  of  Testing. 

a.  The  heating  and  ventilation  evaluation  of  the  PH-1  consisted 
of  comparisons  of  outside  air  temperature  and  cockpit  air  temperature 
with  the  aircraft  under  all  operating  conditions.  In  conjunction  with 
these  checks,  a carbon  monoxide  test  was  also  made. 

b.  Equipment  consisted  of: 

(1)  Weston  Aneroid  Thermometer,  Model  2291. 

(2)  Mine  Safety  Appliance  Company  Carbon  Monoxide  Tester, 
Category  No.  DS-47I33. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Although  reasonably  high  temperatures  were  encountered  on 
the  aircraft  with  doors  on,  windows  closed  and  vents  closed  (see  Annex 
A),  it  is  felt  that  this  aircraft  will  rarely  be  operated  under  those  con- 
ditions with  existing  outside  temperatures  in  the  90°F  range. 

b.  The  recommended  maximum  temperatures  for  clothed  men 
not  especially  acclimatized  are  as  follows: 

(1)  Resting  in  still  air  - 88°F. 

(2)  Resting,  with  some  air  movement  (170  FPM  air  velocity)  - 
93°F. 

(3)  Moderate  work,  still  air  - 78°F. 

Reference:  Patty,  Frank  A.  , Industrial  Hygiene  & Toxicology  (2d  ed.  , 

Vol.  1;  New  York:  Interscience  Publishers  Inc.  , 1958). 
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USAARU-FO  25  June  1963 

SUBJECT:  Report  on  PH- 1 

c.  Comparing  recommended  working  temperatures  (see  above) 
with  temperaturesQfound  in  aircraft  (see  Annex  A),  a mean  working 
temperature  of  90  F was  derived.  This  is  felt  to  be  within  limits. 

d.  A small  percentage  of  carbon  monoxide  (.  01)  was  found  in 
the  aircraft  with  the  doors  on,  windows  closed,  vents  closed,  and  the 
aircraft  on  the  ground  at  operating  RPM.  This  amount  is  not  felt  to 
be  significant  and  rarely  will  aircraft  be  operated  on  the  ground  with 
doors  on,  windows  closed,  and  vents  closed. 

e.  A heater  was  not  present  on  this  aircraft. 


1 Incl 
as 

I 


/s/  J.  C.  Rothwell 
/t/  J.  C.  ROTHWELL 
Captain,  MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 


j 

j 
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HEATING  AND  VENTILATION  EVALUATION  OF  OFF-THE-SHELF 

HELICOPTER  TRAINERS 


Analyzed  by  Capt.  Rothwell 


Date  14  June  1963 


VENTILATION 
On  Ground 


Doors  On  - Window  Closed,  Vent  Open 


Doors  On  - Window  Closed,  Vent  Closed 


Hover 

Doors  Off  (P) 


Doors  On  - Window  Closed,  Vent  Open 


Doors  On  - Window  Closed,  Vent  Closed 


In-Flight 

Doors  Off  (P) 


Doors  On  - Window  Closed,  Vent 


Doors  On  - Window  Closed,  Vent  Closed 


HEATING* 


A/C  | 

Out 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

. 01 

0 

0 

0 

0 

0 

0 

0 

Tern 


A/C  Out 


*Heater  not  present  on  this  aircraft. 
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HEADQt  ARTERSELICOpTER  SCHOOL 

states  rtRMT  \vell«-  Texas 

UNITE°  ^ate  woite> Mineral  wen. 

•pWO-HS  , primary  Helicoptei 

;bjecT:  P~»~*  ^ 4-3'‘ 

Trainer  iV-n 

Ol-A 


Aviation  Test  Board 

porter , Alabama 


, mission  suitability 

A PH- 5 Helicopters. 

iePH-l,  PH-4,  ^d  PH 


Incl 

1.  PH-1 

2.  PH-4 

3.  PH-5 


iii  p Gonseth  Jr 
,S.  l’  E.  GOHSETH  JR 

JcolEonel.  Signal  Corps 

Commandant 
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PARAGRAPH  B 


EVALUATION  OF  MTS, 


PH-1  HELICOPTER  AS  CONDUCTED  BY  THE 


UNITED  STATES  ARMY  PRIMAR  Y HELICOPTER  SCHOOL 


1.  Scope.  Experienced  primary  flight  instructors  from  the  US 
Army  Primary  Helicopter  School  conducted  primary  flight  training  with 
qualified  student  officers  with  no  previous  flight  experience  and  tran- 
sition training  for  rated  Army  aviators  with  varied  experience  in  ob- 
servation helicopters.  The  helicopter  was  repeatedly  flown  through 
typical  training  missions  with  the  students  being  required  to  perform 
maneuvers  included  in  the  approved  flight  syllabus  of  the  US  Army 
Primary  Helicopter  School,  Fort  Wolters,  Texas. 


2.  Findings 


a.  Hoverini 


(4)  The  rate  cf  movement  to  the  point  from  which  a safe 
recovery  from  unusual  attitude  can  be  made  is  reached  exceedingly 


fast,  thereby  allowing  insufficient  latitude  for  instructor  pilot  correc- 
tions. The  student  is  afforded  little  opportunity  to  correct  his  own 
mistakes. 


(5)  The  problems  of  directional  control,  insufficient  pedal 
control  and  latitude  for  student  error  are  magnified  by  a crosswind 
condition. 

(6)  Pilot  posture  due  to  seat  and  control  relationship  is 
very  fatiguing. 

b.  Normal  Takeoff  and  Normal  Approach. 

(1)  Directional  control  is  unacceptably  sensitive  for  pri- 
mary student  training  as  the  helicopter  moved  through  effective  trans- 
lational lift  into  forward  climbing  flight  and  upon  termination  of  the 
approach  to  a hover.  A crosswind  condition  of  8-15  knots  magnified 
the  problems  of  directional  control  to  the  point  where  the  primary 
student  could  not  safely  control  the  helicopter  during  the  approach  and 
termination.  Considerable  effort  is  required  by  the  instructor  to  safe- 
ly control  the  aircraft  under  similar  conditions. 

(2)  The  problem  of  directional  control  causes  over- 
controlling of  other  controls  while  trying  to  maintain  a heading  or  to 
correct  a heading  error. 

(3)  Throttle  and  pitch  coordination  is  unacceptably  diffi- 
cult for  primary  training. 

(4)  The  airspeed  indicator  is  unacceptably  sensitive  to 
minor  attitude  changes. 

c.  Maximum  Performance  Takeoff  and  Steep  Approach. 

(1)  Directional  control  is  unacceptably  sensitive  for  pri- 
mary student  training  during  transition  to  normal  climbing  power 
after  a maximum  performance  takeoff  and  during  the  termination  of 
the  steep  approach  to  a hover.  A crosswind  condition  of  8-15  knots 
magnified  the  problem  of  directional  control  to  the  point  where  the 
primary  student  could  not  safely  control  thr*  aircraft  during  takeoff, 
approach,  and  approach  termination  to  a hover.  Considerable  effort 
is  required  by  the  instructor  to  control  the  aircraft  under  similar 
conditions. 
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,2/  The  aircraft  has  a tendency  to  weathercock  during  a 
maximum  performance  take  of*  -n  cross  wind  conditions.  Inadvertent 
slow  airspeed  at  this  point  of  the  takeoff  results  in  insufficient  pedal 
control  to  prevent  the  helicopter  from  going  into  uncontrollable  turns 
during  climb-out. 

d . Running  Takeoff  and  Landings . 

(1)  Directional  control  is  unacceptably  sensitive  for  pri- 
mary student  training  as  the  helicopter  taxied  over  the  ground,  as 

it  broke  ground  on  takeoff  and  upon  ground  contact  and  ground  run 
during  the  landing. 

(2)  The  action  of  the  oleo  struts  contributes  to  the  prob- 
lem of  directional  and  cyclic  control  on  takeoffs  and  landings.  During 

a crosswind  takeoff,  application  of  cyclic  control  into  the  wind  depresses 
the  upwind  oleo  and  causes  the  downwind  skid  to  lift  off  the  ground. 

Prior  to  reaching  translational  lift,  the  limit  of  directional  control  is 
reached  and  the  pilot  is  unable  tc  compensate  for  the  unequal  skid  drag 
condition.  Inadvertent  landing  on  one  skid  causes  an  unequal  oleo  action 
and  skid  drag,  creating  an  area  of  pedal  and  cyclic  action  that  is  beyond 
the  primary  student's  abilitv. 


e . Hovering  Autorotations. 


(1)  Low  inertia  rotor  system  imposes  the  need  for  excep- 
tional skill  and  timing  bv  the  pilot.  Yaw  control  and  collective  pitch 
appl'-i  at.cn  must  be  p>- r i- c U y timed.  This  requirement  for  such  pre- 
c'si'  n is  unacceptable  for  primary  student  training. 


(2)  In  teaching  this  maneuver  to  a student,  the  instructor 
pilot  would  be  required  to  accept  an  inordinate  amount  of  risk  during 
the  ''IP  hands  off"  stage.  There  is  little  or  no  margin  for  error. 

(3)  Surprise  or  forced  landings  from  a hover  would  be 
impossible  to  teach  due  to  the  spring  loaded  throttle.  Spring  load 
throws  the  throttle  back  to  an  on"  position,  causing  power  surge. 

(4)  Power  recoveries  from  hovering  autorotations  were 
not  attempted  because  of  the  characteristic  of  the  blade  dampers  to 
dephase  at  power  surge. 
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f.  Auto  rotations. 


! 


I 

T 


I 


(1)  Day  and  n*ght  autor otaticnal  landings  w fre  performed. 
This  aircraft,  required  a 1 w flare  of  approximately  twenty  feet  altitude 
with  initial  pitch  application  being  made  at  approximately  three  feet 
with  a continuous  application  ur.til  ground  contact.  The  main  rotor 
RPM  decayed  at  a rapid  r t~  after  initial  pitch  application  with  sub- 
sequent reduction  in  directional  control  on  landing  runout.  The  flare 
altitudes,  amount  of  flare,  nd  altitude  and  amount  of  initial  pitch 
application  :s  unacceptably  critical  for  primary  student  training  due 

to  the  low  inertia  rotor  system  with  a rapid  rate  of  main  rotor  RPM 
decay  at  pitch  application.  The,  aircraft  is  not  forgiving  at  this  cri- 
tical point  of  the  maneuver  and  affords  the  instructor  pilot  little  leeway 
for  corrective  action  after  normal  student  errors.  The  requirement 
for  a low  flare  at  approximate iy  twenty  feet  of  altitude  with  initial 
pitch  application  for  cushioning  the  landing  required  at  approximately 
three  feet  of  altitude,  develops  such  a rapid  series  of  events  that  the 
primary  student  would  be  unable  to  learn  the  required  touchdown 
techniques.  The  rapid  decay  of  main  rotor  RPM  after  the  initial 
application  of  collective  pitch  requires  that  the  altitud3  of  initial 
application  be  exact.  The  precision  required  at  this  c ritical  point 
of  the  autor otatior  is  such  th'  * there  is  little  or  no  margin  for  error 
and  dictates  that  th-  instructor  pi.ot  must  rid-  tr.e  cor.tr  is  heavily 
at  all  times,  thus  continually  leading  the.  student  through  all  control 
applications.  This  would  greatly  reduce  the  effectiveness  of  the  Pri- 
mary Course.  A requirement  for  a power  recovery  due  to  student 
error  at  initial  pitch  applies. ti-  n induce?  such  rapid  series  of  events 
that  the  pilot  is  unable  to  maintain  heading,  r.-g-  in  operation  rotor 
and  engine  RPM  and  return  th-  ‘.  craft  to  safe  -light  condi4:  ns. 

[2]  The  spring  load-  d over-ride  i?  such  that  a conscious 
effort  must  be  made  tc  hold  th-  thtortl  ir-.  the  ;e  r-ride  posin'. -n. 

This  adds  another  area  for  division  .if  attention  aid  concentration . 

( i/  The  aut  >r  ot“.ti  or  characb  ristii  s outlined  above  are 
unacceptable  for  primary  student  'raining.  They  would  be  very  detri- 
mental to  the  student's  mental  composure  and  would  adversely  affect 
the  learning  process. 

g . Simulated  For  cd  L -.d'ngs. 

(1)  The  nor  m?  1 student  delay  in  reducing  the  collective 
pitch  to  the  full-down  position  and  in  making  proper  application  of 
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right  pedal  for  torque  control  in  response  to  a power  cut  caused  the 
main  rotor  RPM  to  decay  below  the  lower  safe  limit  of  400  RPM. 

No  margin  for  student  error  is  available.  An  inadvertent  application 
of  left  pedal  at  power  cut,  an  error  not  uncommon  with  primary  stu- 
dents, causes  an  immediate  tumbling  roll  towards  the  left  front.  Full 
right  and  full  aft  cyclic  control  combined  with  an  immediate  power 
recovery  are  required  to  recover  from  this  unusual  attitude. 

(2)  The  loss  of  main  rotor  RPM  and  yawing  to  the  left 
of  approximately  forty- five  degrees  at  power  cut  would,  for  reasons 
of  safety,  require  the  instructor  pilot  to  advise  the  student  in  advance 
of  the  maneuver  and  then  heavily  ride  the  controls,  thus  leading  the 
student  into  the  autorotational  descent.  This  procedure  would  have 

to  be  continued  throughout  the  course  of  instruction  due  to  the  in- 
ability of  the  students  to  react  quickly  enough  to  the  required  control 
inputs  necessary  to  counteract  the  rapid  changes  of  aircraft  attitude 
and  RPM  loss.  This  would  greatly  reduce  the  effectiveness  of  the 
Primary  Course. 

(3)  All  of  the  autorotative  touchdown  characteristics 
listed  under  autorotations  are  unacceptable  for  primary  student 
training  during  the  teaching  of  simulated  forced  landing  touchdowns. 

h-  Decelerations . Yaw  control  is  unacceptably  sensitive 
for  primary  student  training. 

i.  Simulated  Anti- torque  Control  Failure,  Low  inertia  rotor 
system  imposes  the  need  for  exceptional  skill  and  timing  by  the  pilot. 
Yaw  control  at  entry  to  the  maneuver  and  collective  pitch  application 
must  be  perfectly  timed.  This  requirement  for  such  precision  is  un- 
acceptable for  primary  student  training. 

j.  General. 

{1;  The  clutch  engagement  cable  is  routed  under  a lead 
acid  battery. 

(2)  The  exhaust  stacks  are  located  on  the  bottom  of  the 
aircraft  near  the  fuel  drains  constituting  a fire  hazard  during  con- 
fined area  operations. 

(3)  The  pilct  is  unable  to  check  the  oil  between  flights 
because  the  oil  dip  stick  handle  is  too  hot  to  touch. 
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(4)  Any  rapid  application  of  throttle  to  join  the  needles 
or  to  apply  power  dephased  the  blade  dampers  inducing  a condition 
conducive  to  ground  resonance.  Dephased  blade  dampers  induced  a 
severe  vibration  during  descending  powered  flight  and  autorotative 
descent. 


(5)  There  are  too  many  control  trims  and  control  locks 
and  they  are  only  available  to  the  student  pilot.  Students  mistakenly 
applied  friction  locks  when  asked  for  cyclic  trim. 

(6)  The  clutch  hand  lever  is  completely  out  of  the  instruc- 
tor's reach  and  he  is  entirely  dependent  upon  the  student  for  clutching 
and  de- clutching.  Rapid  engagement  of  clutch  will  dephase  the  blade 
dampers,  inducing  a condition  conducive  to  ground  resonance  or 
blade  damage. 


(7)  This  aircraft  moves  so  rapidly  into  an  extreme  con- 
dition after  a student  induced  error  that  the  instructor  pilot  must 
maintain  an  extremely  high  level  of  alertness.  This  makes  flight 
instruction  in  the  aircraft  exceptionally  tiring  and  creates  a feeling 
of  tension  during  the  flight  that  is  detrimental  to  the  presentation  of 
instruction. 


(8)  The  placement  of  the  flight  instruments  does  not 
coincide  by  association  with  the  flight  controls.  This  is  detrimental 
to  a good  cross  check.  The  RPM  gauge,  associated  with  the  pilot's 
left  hand  and  arm,  is  located  on  the  right  side  of  the  console.  The 
airspeed  indicator,  associated  with  the  pilot's  right  hand  and  arm, 
is  on  the  left  side  of  the  console. 

(9)  The  collective  pitch  and  throttle,  when  not  frictioned, 
creep  in  flight  and  the  engine  RPM  will  drop  300  RPM  or  more  in  a 
fraction  of  a second  if  the  pilot  attempts  to  tune  the  radio,  set  trim, 
or  make  any  other  adjustments  requiring  the  removal  of  his  left  hand 
from  the  collective  pitch  control. 


3.  Comparison  with  Criteria  for  Evaluation  of  Mission  Suitability 
of  "Off-the-Shelf11  Primary  Trainers.  A comparison  of  the  characteris 
tics  of  the  helicopter  with  the  Criteria  for  Evaluation  follows: 
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C riferla  lor  E val  ua ti o n 


Helicopter  Meets 
Criteria 


Remarks 


Flight  Control'-.  {Cyclic, 
c ollective  and  anti-torque): 
Must  have  a rapid  response 
with  no  tendency  to  overshoot 
in  response  to  corrections  in 
powered  and  non- powered 
flight  due  to  the  general  in- 
ability of  the  student  pilot 
to  treat  any  aircraft  with  the 
same  finesse  and  care  of  a 
seasoned  pilot. 

Stability:  Inherent  stability 
in  the  vertical,  longitudinal 
and  lateral  axis  that  will  ab- 
sorb power  changes  (power 
to  nor.- power  and  non-power 
to  power,  intentional/ inad- 
vertent) with  minimum 
corrective  acti.  n required 
to  regain  positive  control. 

Power  Reserve:  Provide  an 
adequate  power  reserve  that 
will  allow  the  instructor  pilot 
to  contain  or  recover  from 
unusual  situations  induced  by 
student  errors. 

Autor  ctative  Characteristic s: 
Rotor  mass  and  inertia  adequate 
to  allow  for  student  error  in 
autorotative  landings. 

JLa.titu.de  for  Student  Error: 
Inherent  flight  characteristics 
that  will  allow  a student  to  make 
an  identifiable  error  and  still 
have  sufficient  latitude  for  the 
student  pilot  and/or  instructor 
pilot  to  make  a recovery.  No 


NO 


NO 


YES 


NO 


NO 


See  par  2a,  b,  c, 
d,  e,  and  g. 


See  par  2a,  b,  c, 
d,  e,  f,  g,  h,  i, 
and  j. 


See  par  2e,  f,  g, 
and  i. 


See  par  2a,  b,  c, 
d,  e,  f,  g,  i,  and 

j- 
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Criteria  for  Evaluation 

preflight  or  starting  tech- 
nique that  would  demand 
detailed  procedure  or  un- 
usual knowledge  on  the 
part  of  the  student  and 
instructor  pilot. 

Training  Endurance  Con- 
siderations: Adequate 
ventilation,  heating,  and 
defrosting  equipment. 

Ample  shoulder  room  be- 
tween IP  and  student,  and 
between  collective  and  door. 
Comfortable  seat  cushions 
to  allow  four  hours  of  flight 
without  undue  fatigue. 

Location  of  Controls:  Trim 

controls  if  required  on  each 
cyclic  stick.  Any  control 
locking  or  safety  devices  in 
sight  and  reach  of  IP. 

Ground  Resonance:  Must  be 
free  from  ground  resonance. 


Helicopter  Meets 
Criteria 


Remarks 


See  par  2a(6)  and 
j(7). 


See  par  2a (1)  and 
3(5)  (6). 


See  par  2e(4)  and 
3(4)  (6). 


4.  Conclusions:  The  PH-  1 is  unsuitable  for  use  as  a Primary  Heli- 

copter Trainer. 


53 


PARAGRAPH  C 


HEADQUARTERS 
DEPARTMENT  OF  THE  ARMY 
Office  of  the  Assistant  Chief  of  Staff  for  Force  Development 
Board  for  Aviation  Accident  Research 

Fort  Rucker,  Alabama 


BAAR-P  29  July  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-1  Off-the-Shelf  Primary 
Helicopter  Trainer 


TO:  President 

U.  S.  Army  Aviation  Test  Board 
ATTN:  Off-the-Shelf  Project  Officer 
Fort  Rucker,  Alabama 


1.  The  following  is  USABAAR's  evaluation  of  the  PH-1  entry  for 
the  off-the-shelf  primary  helicopter  trainer  competition.  The  evalu- 
ation considered  the  categories  of  aviation  safety  and  accident  pre- 
vention in  three  primary  categories.  In  each  of  these  categories  there 
are  certain  deficiencies  which  will  detract  from  its  mission  capability 
and  should  be  considered  by  those  responsible  for  selecting  the  winner 
of  the  competition.  Categories  considered  are: 

a.  Operational  Safety  - This  category  considers  those  features 
of  the  aircraft  and  its  operating  characteristics  that  are  considered  to 
be  conducive  to  accident  causation  and  which  may  detract  from  the  ope- 
rator's ability  to  maintain  safe  flight  at  all  times. 

b.  Maintenance  Safety  - This  category  considers  maintenance 
design  features  of  the  aircraft  contributing  to  accident  causation  It 
includes  those  features  of  "Murphy's  Law,"  ease  of  inspection,  acces- 
sibility for  component  replacement,  the  preflight  inspection  imposed 
on  the  operator,  etc. 
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BAAR-P  29  July  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-1  Off- the- Shelf  Primary 

Helicopter  Trainer 

c.  Crashworthme s s - This  category  considers  design  features 
of  the  aircraft  that,  in  the  event  of  a crash,  provide  protection  to  the 
occupants  from  injury.  It  also  includes  features  of  crash-fire  worthi- 
ness. 

2.  E\'aluation  comments  are  as  follows: 
a.  Operational  Safety 

(1)  Clutch  engagement  - No  provisions  are  included  to  pre- 
vent starting  the  engine  with  the  clutch  engaged  to  prevent  damper  and 
rotor  head  damage. 

(2)  Engine  instrument  group  - The  mounting  angle  of  the 
instruments  makes  readout  difficult. 

(3)  Intercom  system  - A two  position  ICS/ Transmit  switch 
should  be  located  on  the  cyclic  control  to  preclude  the  need  to  remove 
hands  from  control  grip  in  event,  of  emergency. 

•,4,  Pilot  distraction  and  loss  of  visibility  - The  instruments 
are  mirrored  in  the  bubble  during  day  and  night.  The  light  angle  and 
the  reflection  characteristics  of  the  bubble  are  such  that  during  night 
and  day  operations,  the  instrument  panel  is  noticeably  visible  in  the 
bubble. 


(5)  Navigation  lights  - The  light  positioned  above  the  bubble 
creates  detracting  reflections  on  the  bubble  at  night.  The  modification 
that  relocates  the  lights  on  the  skid  assembly  appears  to  be  more 
satisfactory. 

(6}  Instruments  - Instrument  legibility  becomes  blurred 
and  difficult  to  read  at  night  when  using  the  landing  light  during  final 
approach  and  hover.  This  deficiency  is  particularly  noticeable  when 
the  instrument  Tight  is  partially  dimmed. 

(7)  Map  light  - There  are  none  installed  or  proposed. 

Map  lights  should  be  installed  to  preclude  the  use  of  makeshift  lights. 

(8)  Landing  light  - The  fixed  landing  light  causes  exces- 
sive glare  on  the  bubble  when  operating  close  to  the  ground. 


I 

I 

I 

I 
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BAAR-P  29  July  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-1  Off-the-Shelf  Primary 

Helicopter  Trainer 

(9)  Transmission  and  pressure  warning  lights  - The  labels 
of  these  displays  are  not  visible  to  the  pilot. 

(10)  Engine  exhaust  - It  is  located  approximately  15  inches 
from  the  ground  and  acts  as  an  ignition  source  when  operating  in  areas 
of  tall  dry  grass. 

(11)  Skid  shoe  - The  short  skid  shoe  installation  exposes 
skids  to  catching  on  ground  objects.  Installation  of  full  length  skid 
shoes  is  required  to  preclude  snagging  ground  objects. 

(12)  Autorotation  characteristics  - The  autorotation  char- 
acteristics are  such  that  more  skill  is  required  to  perform  this  maneu- 
ver than  is  presently  needed  in  any  other  helicopter  presently  in  the 
Army  inventory.  USABAAR  is  of  the  opinion  that  this  factor  alone 
would  make  this  helicopter  unacceptable  as  a primary  trainer. 

b.  Maintenance  Safety 

(1)  Pitch  change  push-pull  rods  - The  pitch  change  push- 
pull  rods  from  the  lower  bell  cranks  to  the  main  rotor  system  are 
susceptible  to  damaging  lateral  loads  when  used  as  hand  holds.  Their 
accessibility  makes  the  occurrence  very  likely. 

(2)  Magnetic  chip  detector  - Install  magnetic  chip  detec- 
tors of  the  continuous  readout  type  in  the  transmission  and  engine  oil 
sumps . 

c.  Cr  ash  wor  thine  s s. 

(1)  Seat  pan  - Energy  absorption  in  the  vertical  direction 
appears  to  be  unsatisfactory.  This  is  based  on  the  amount  of  space 
available  before  the  seat  pan  "bottoms  out.  " 

(2)  Seat  back  rest  - 

(a)  The  space  behind  the  back  rest  is  accessible  for  the 
storing  of  odd  items  such  as  clipboards,  tools,  handbooks,  etc.  These 
items  can  contribute  to  crash  injury. 
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USABAAR's  Evaluation  of  PH-1  Off- the-Shelf  Primary 
Helicopter  Trainer 


(b)  The  energy  absorption  qualities  of  the  thermoplastic 
material  are  unknown  as  to  the  extent  they  may  protect  against  injury. 


(3)  Cyclic  control  - The  design  and  position  of  the  cyclic 
control  makes  it  lethal  in  the  production  of  injury. 


(4)  Shoulder  harness  and  inertia  reel  - Any  aircraft  pro- 
curement must  include  these  items  to  be  acceptable  to  USABAAR. 


(5)  Seat  belt  - The  attaching  point  is  not  self-aligning 
in  all  directions  which  makes  it  vulnerable  to  failure  when  lateral 
loads  are  applied. 


(6)  Cockpit  integrity  - The  cockpit  lacks  structural  members 
that  will  prevent  impingement  upon  the  occupants  in  the  event  of  a crash. 

(7)  Fuel  cell  - The  cell  design  is  susceptible  to  rupture. 

Its  immediate  proximity  to  gm h on  sources  creates  a post-crash  fire 
hazard. 


3.  The  following  features  are  recognized  as  desirable  and  con- 
sidered worthy  of  mention: 

a.  Cyclic  and  pitch  control  forces  are  negligible. 

b.  The  range  of  external  vision  from  the  cockpit  is  excellent. 

c.  The  throttle  and  pitch  controls  are  well  correlated. 

d.  The  design  and  the  inspection  requirements  of  this  aircraft 
makes  it  easy  for  the  pilot  to  perform  his  preflight. 


/s/  Leo  E.  Bugeron 
h!  LEO  E.  BUGERON 
Major,  Arty 
for 

it/  ROBERT  M.  HAMILTON 
Colonel,  Infantry 
Director,  USABAAR 
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U.  S.  ARMY  AVIATION  HUMAN  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


28  June  1963 


Human  Factors  Evaluation:  PH-1  Helicopter 


1 . Summary 

1.  1 The  design  philosophy  of  the  PH-1  was  in  large  part  guided  by 
human  factors  considerations  related  to  the  primary  helicopter  training 
mission.  As  a result,  the  aircraft  was  found  to  be  highly  satisfactory 
from  the  human  factors  standpoint.  Design  decisions  in  large  part 
appear  to  have  been  resolved  in  favor  of  the  crew,  maintenance  person- 
nel, or  freedom  from  maintenance;  rather  than  maximization  of  per- 
formance parameters. 

1. 2 The  major  deficiencies  noted  were  poor  sideward  visibility 
for  tall  personnel,  an  unsatisfactory  location  for  the  C-1611  Inter- 
communication Set  Control,  and  failure  to  specify  the  manner  of  in- 
stallation of  shoulder  harnesses.  In  its  proposed  location  the  C-1611 
Control  would  be  dangerous  due  to  its  sharp  edges,  difficult  to  use, 
and  difficult  to  see.  Specification  of  this  relatively  large  control  is 
regarded  as  unrealistic  for  this  compact  helicopter , and  it  is  recom- 
mended that  any  Army  purchase  specify  that  the  contractor  provide  the 
applicable  functions  of  these  C-1611  Controls  at  the  location  of  the  pre- 
sently installed  Interphone- Transmit  switch,  which  is  quite  satisfactory. 

1.  3 Strong  points  were  good  visibility  except  as  noted  above,  and 
good  design  from  the  standpoint  of  inspection  and  maintainability. 

2.  Detailed  Considerations 

2.  1 Handling  characteristics  were  regarded  as  generally  satis- 
factory, with  no  major  problems  from  the  human  factors  standpoint. 

2.  2 Visibility  was  generally  good. 

2.  2. 1 View  of  instruments  was  good. 

2.  2.  2 Forward  and  rearward  visibility  was  good. 
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2.2.3  Downward  visibility  was  satisfactory  except  for  lack  of 
view  of  the  skids.  Skid  view  is  not  of  major  importance  for  experienced 
pilot:-,  but  is  of  value  for  student  orientation.  If  the  PH- 1 should  be  pur- 
chased, probably  a skid  reference  would  be  improvised  by  attaching  a 
stiff  but  yielding  (like  steel  auto  curb  feelers  or  rubber  goal  line  flag 
masts)  extension  to  the  skid. 

2.2.4  Sideward  visibility  was  good  except  for  tali  personnel.  Side- 
ward visibility  at  flight  level  will  be  poor  for  pilots  above  the  95th 
percentile  in  seat  to  eye  height  with  the.  doors  oft  and  down  to  about 

the  85th  or  90th  percentile  with  the  doors  on.  Visibility  is  restricted 
more  on  the  near  side  than  on  the  far  side.  No  seat  adjustment  is  pro- 
vided which  would  permit  the  eyes  of  tali  individuals  to  be  located  at 
a level  where  satisfactory  sideward  visibility  couid  be  obtained. 


2.  3 Glare  shields  on  the  Landing  Light  On  signal  light  and  the 
‘Transmission  Oil  Temperature  and  Pressure  warning  signal  lights 
mask  their  labels.  The  shield  should  be  redesigned  for  the  Trans- 
mission Oil  Temperature  and  Pressure  warning  lights  with  tire  labels 
placed  on  it  in  a manner  visible  from  both  cew  stations.  The  labels 
should  be  placed  s « that  illumination  of  the  indicator  light  will  pro- 
vide illumination  of  the  appropriate  label,  or  else  the  label  should  be 
placed  on  the  lens  of  the  indicator. 


2.4  The  "Landing  Light  On'  indicator  uses  a red  lens,  which 
should  only  be  used  to  indicate  a dangerous  situation  requiring  immedi- 
ate action.  A green  or  white  lens  should  be  used  on  this  indicator. 

This  is  particularly  advisable  since  a i d indication  could  easily  be 
confused  with  the  adjacent  transmission  oil  warning  signals,  or  the 
transmission  oil  warning  signals  not  noticed.  Consideration  should 
be  given  to  eliminating  the  Landing  Light  On"  indicator. 


2.5  The  engine  status  indie 
practices  of  arranging  tht  se  in  a 
are  aligned,  but  the  present  - r » a 
of  each  indicator  is  considt  red  p 
arrangement.  This  i-  duf  to  *h~ 
will  all  require,  separate  reading 
operational  Army  aircraft  t-  mplo 
then  it  would  be,  desirable  for  the 
this  arrangement  of  indicators. 


tors  do  not  conform  to  desirable 
way  that  indicates  OK"  when  they 
ngt  merit  requiring  separate  reading 
referable,  over  an  alignment  scan 
f i.c. t that  opp,rational  Army  aircraft 
of  these  indicators.  When  most 
y alignment  scan  status  indicators, 
primary  trainer  to  also  incorporate 
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2.  5.  1 The  arrangement  of  the  Fuel  Quantity,  Amperes,  Fuel 
Pressure,  Cylinder  Head  Temperature,  Engine  Oil  Pressure,  and 
Engine  Oil  Temperature  indicators  used  is  regarded  as  less  than 
optimum.  Switching  the  location  of  the  Engine  Oil  Temperature  and 
Amperes  indicators  would  be  desirable. 

2.  5.  2 The  safe  operating  ranges  of  the  Fuel  Pressure,  Cylinder 
Head  Temperature,  Engine  Oil  Temperature,  and  Engine  Oil  Pressure 
indicators  are  not  easily  determined  under  night  instrument  panel 
illumination.  It  is  recommended  that  green  and  yellow  operating  range 
arcs  be  placed  on  these  indicators  with  the  same  materials  and  widths 
as  are  used  on  the  Engine-Rotor  RPM  indicator. 

2.  6 During  night  operation  minor  reflections  were  noted  from 
cockpit  lighting  or  tail  boom  rotating  beacon.  However  these  were 
not  regarded  as  of  concern  for  the  intended  night  use  of  the  primary 
helicopter  trainer. 

2.  7 Dual  trim  controls  are  not  provided.  Trim  controls  for  the 
left  seat  would  be  desirable  when  the  instructor  occupies  this  position. 
Quick  adjustment  of  trim  cannot  easily  be  accomplished  from  the  left 
seat  while  also  controlling  the  helicopter.  Linked  trim  controls  per- 
mitting left  handed  trim  adjustment  from  the  left  seat  would  be  desir- 
able. 

2.  8 The  proposed  location  of  the  C-1611  Intercommunication  Set 
Control  was  not  satisfactory  for  the  listed  reasons. 

2.8.  1 The  sharp  edges  of  the  C-1611  Control  would  present  a 
hazard  to  both  occupants. 

2.  8.  2 The  control  would  be  difficult  to  see  in  the  proposed  loca- 
tion, and  the  head  twisting  required  to  see  it  would  invite  vertigo. 

2.  8.  3 The  control  would  be  difficult  to  reach,  particularly 
while  wearing  winter  clothing. 

2.8.4  A satisfactory  alternate  location  for  the  C-1611  Controls 
could  not  be  found. 
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2.8.  5 The  specification  of  the  relatively  large  C-1611  Controls 
for  this  compact  helicopter  is  regarded  as  unrealistic.  All  required 
functions  of  this  control  could  easily  be  provided  in  a much  smaller 
package  which  could  be  appropriately  located. 

2.  8.  6 It  is  recommended  that  any  purchase  of  this  helicopter 
specify  that  the  contractor  provide  the  applicable  functions  of  the 
C-1611  Control,  placing  the  controls  at  the  panel  level  used  for  the 
"Intercom- Transmit"  switch  of  the  evaluated  aircraft. 

2.  8.  6.  1 The  specified  controls  could  be  placed  outside  the  cock- 
pit, and  the  applicable  controls  wired  to  operate  at  the  panel  level  used 
for  the  "Intercom- Transmit'  switch  of  the  evaluated  aircraft,  but  this 
is  not  considered  desirable. 

2.  8.  6.  2 It  is  believed  that  the  contractor  could  provide  the  re- 
quired functions  at  less  cost  than  that  of  the  C-1611  Intercommini- 
cation  Set  Control. 

2.  9 The  proposal  did  not  specify  the  manner  of  installation  of 
the  shoulder  harness.  It  was  mentioned  that  the  basic  design  in- 
cluded mounting  points  for  shoulder  harnesses. 

2.  9.  1 This  appears  to  be  an  oversight  on  the  part  of  the  con- 
tractor. 

2.  9.  2 This  is  considered  a definite  deficiency  as  the  proposal 
stands . 

2.  10  It  was  noted  that  the  rear  side  of  the  tilting  seat  back 
separated  from  the  forward  side  of  the  rivet  points.  A stronger 
material,  better  attachment,  or  a single  mould  is  recommended  to 
prevent  this  separation. 

2.  11  The  tinted  bubble  pan  Is  above  and  behind  the  crew  positions 
are  desirable  as  a me?.ns  of  reducing  radiation  and  temperatures 
imposed  on  the  crew  during  hot  weather. 

2.  12  The  plastic  used  for  the  seat,  back  could  be  uncomfortable 
when  sweating  under  hot  conditions.  Consideration  should  be  given 
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to  perforating  this  plastic  in  order  to  provide  some  ventilation  of  the 
back,  providing  structural  properties  are  not  impaired. 

2.  13  The  heater  installation  appears  to  be  capable  of  providing 
adequate  heat  and  bubble  de-fogging. 

2.  14  The  anti-torque  pedals  are.  designed  in  a manner  that  might 
permit  their  edge  to  hook  under  the.  instrument  panel  plastic  cover 
at  the  side  seam.  Screws  working  out  at.  the  seam,  the  flat  straight 
edge  of  the  pedal,  and  the  shortest  pedal  position  of  the  four  proposed, 
could  combine  to  make  forward  inside  pedal  movement  impossible. 

2.  14.  1 Either  the  position  of  the  seam  should  be  moved  well  aft 
of  maximum  pedal  deflection,  or  else  the  edge  of  the  pedal  should  be 
designed  to  preclude  catching  on  this  seam. 

2.  15  The  aircraft  is  outstanding  from  the  standpoint  of  inspection 
and  maintenance.  The  design  minimizes  the  frequency  and  number  of 
required  lubrication  and  maintenance  operations.  Visibility  of  and 
access  to  components  is  very  good,  and  the  design  facilitates  most 
maintenance  operations. 

2.  15.  1 The  engine  oil  level  dipstick  and  filling  hole  are  difficult 
to  reach.  A special  device  for  adding  oil  is  listed  as  an  available 
part,  and  is  needed.  A permanently- mounted  device  extending  both 
the  dipstick  and  filling  hole  to  an  accessible  position  is  desirable. 

2.  15.  2 Changing  the  position  of  the  ground  handling  wheels  re- 
quires two  men.  A tool  could  be  designed  to  enable  one  man  to 
accomplish  this,  and  should  be  considered. 


/s/  Robert  H.  Wright,  Ph.D.  ] 

/t / ROBERT  H.  WRIGHT,  Ph.D. 

Research  Scientist 

in 
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UNIT  B - COMPANY  B MODEL  PH-4 
SECTION  ONE 
USAAVNTBD  REPORT 


A.  Description  of  Materiel. 

1.  The  PH-4  is  a single-engine,  three-place,  side-by- 
side,  two-bladed  single  rotor  and  tail  rotor  type  helicopter.  Power  is 
supplied  by  a VO540-BID  six- cylinder,  opposed  type  air-cooled  engine 
which  provides  maximum  rated  power  at  sea  level  of  305  b.hp.  at 

3200  r.p.m.  Engine  power  is  transmitted  to  the  rotors  through  a double 
planetary  reduction  transmission.  The  main  rotor  mast  assembly  is  set 
into  the  transmission,  which  is  bolted  to  the  engine,  making  the  complete 
assembly  one  rigid  unit.  Takeoff  shaft  connections  extend  from  the 
transmission  to  drive  the  tail  (antitorque)  rotor. 

2.  Flight  controls  consist  of  cyclic,  collective  pitch,  and 
antitorque  pedals.  A motor -dr iven-type  cyclic  trim  system  is 
provided.  An  adjustable  friction  device  is  provided  for  the  collective 
pitch  control. 

3.  The  main  rotor  system  is  a two-bladed,  teetering,  under- 
slung rotor.  Aerodynamic  "paddles"  are  mounted  at  90  degrees  to  each 
main- rotor  blade  and  are  linked  through  the  fixed  and  rotating  swash 
plates  and  push-pull  tubes  to  the  cyclic  controls  to  provide  pitch  and  roll 
control  of  the  helicopter.  A two-bladed,  all-metal,  antitorque  tail  rotor 
mounted  on  a flapping  hinge  provides  directional  control. 

4.  The  helicopter  basic  body  section  and  tail  boom  are  of 
all-metal  stressed-skin  construction.  A baggage  compartment  with 
125  -pound  capacity  is  located  aft  of  the  tail-cone  attaching  point.  A 
1000-pound  cargo  sling  with  manual  and  electrical  releases  is  provided  . 
The  helicopter  has  a skid-type  landing  gear  with  removable  ground- 
handling wheels. 

5.  General  dimensions  of  the  helicopter  submitted  for  test 
are  listed  below: 


a.  Overall  height  10  feet  2.25  inches 

b.  Overall  length  (main  rotor  40  feet  6.0  inches 
tip  to  tail  rotor  tip) 
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c.  Rotor  diameter 


35  fe*t 


d Fuselage  width  4 feet  11.2  inches 

e.  Skid  gear  tread  . feet  6. 0 inches 

B.  Scope,  of  Test.  The  test  was  conducted  in  the  vicinity  of 
Fort  Rucker,  Alabama,  by  USAAVNTBD  project  officers  and  USAPHS 
primary  helicopter  instructors  The  tests  consisted  of  three  phases: 

a 60 -flying-hour  test,  a study  of  the  manufacturer  s technical  proposals 
which  described  changes  to  configure  the  test  helicopter  to  meet  the 
stated  requirements,  and  a comparison  of  the  helicopter  with  the  Model 
Specification  and  the  Statement  of  Requirement  In  addition,  the  US 
Army  Board  for  Aviation  Accident  Research  (USABAAR)  evaluated  the 
aviation  safety  aspect;  the  US  Army  Aviation  Human  Research  Unit 
(USAAHUMRU)  evaluated  the  human  factors  aspect;  and  the  US  Army 
Aeromedical  Research  Unit  (USAARU)  evaluated  noise  level,  internal 
lighting  and  heating  and  ventilation 

C.  Tests . 

1.  Evaluation  of  Physical  and  Flight  Characteristics, 
Performance,  Mission  Suitability,  and  Maintenance. 

a . Physical  Characteristics . 

(1)  Basic  and  Operating  Weights.  The  helicopter 
was  weighed  as  delivered  with  oil  and  trapped  (unusable)  fuel.  To  this 
weight  (1824  pounds),  the  weight  of  elec  tronic  and  auxiliary  equipment 
required  for  Army  use  (92  pounds)  was  added,  and  the  weight  of  cur- 
rently installed  equipment  not  rtquired  for  Army  use  (61  pounds)  was 
subtracted,  resulting  in  a total  estimated  basic  weight  of  1855  pounds. 
The  estimated  mission  operating  weight  was  then  computed  by  adding 
to  the  estimated  basic  weight  the  weight  of  fuel  (276  pounds)  and  400 
pounds  (instructor  and  student)  Details  follow: 

EMPTY  WETGHT  as  weighed  . 1824  lb. 

(less  ground-handling  wheels) 

Required  equipment  to  be  added' 

Shoulder  harness  and  inertia  reel  6 lb. 

(2  ea) 


1 0 lb. 


First-aid  kit  and  fire  extinguisher 


AN/ ARC-45  (UHF) 

27  lb. 

C-1611  interphone  (2  ea.  ) 

4 lb. 

Attitude  indicator  (proposed) 

3 lb. 

Inverter  (proposed) 

8 lb. 

MA-7  battery 

34  lb. 

TOTAL  ADDED 

92  lb. 

92  lb. 

Weight  of  installed  equipment  to  be  removed; 
Commercial  radio 

15  lb. 

1916  lb. 

External  cargo  sling 

9 lb. 

Baggage  compartment 

9 lb. 

Battery 

28  lb. 

TOTAL  SUBTRACTED 

61  lb. 

-61  lb. 

TOTAL  BASIC  WEIGHT  (estimated) 

1855  lb. 

Fuel 

276  lb. 

Instructor  and  Student 

400  lb. 

MISSION  OPERATING  WEIGHT 

2531  lb. 

REMAINING  AVAILABLE  PAYLOAD 

269  lb. 

MAXIMUM  CERTIFICATED  GROSS  WEIGHT 

2800  lb. 

(2)  Center-of~Gravity  Travel. 

Control  travel 

was  suf- 

ficient  to  provide  control  at  the  extremes  of  allowable  center-of-gravity 
(CG)  position  at  maximum  certificated  and  normal  operating  gross 
weights.  The  addition,  removal,  or  relocation  of  ballast  or  aircraft 
components  was  not  necessary  for  the  helicopter  to  remain  within  CG 
limits  when  changes  were  made  in  loading  of  the  helicopter  with  respect 
to  fuel,  instructor,  and  student. 
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O)  Grcunr:  C1earan_e.  Ground  clearance  was 
sufficient  for  operation  in  unimproved  areas.  At  normal  operating 
r.  p.  m. , g round -to -main  - r c-tor  clearance  was  satisfactory  with  cyclic 
stick  centered  but  did  not  meet  specifications  when  cyclic  was  fully 
displaced. 

(4)  Ground -Handing  Characteristics.  Ground- 
handling characteristics  of  the  helicopter,  with  removable  wheels  pro- 
vided, were  satisfactory. 


( 5 1 Suitabixity  for  Hoisting,  Jacking,  and  Mooring, 
The  helicopter  was  equipped  with  suitahle  jacking  hard  points  and  had 
suitable  locations  on  the  structure  for  attachment  of  mooring  lines. 
Special  hoisting  straps,  presently  in  the  Army  system,  are  required  for 
hoisting  the  helicopter. 


(6)  Suitability  of  External  Power  Receptacle.  The 
helicopter  was  equipped  with  an  external  power  receptacle  which  was 
compatible  with  Army  APU's. 


( 7 ) Adequacy  r. f C : chpit  C cr.figuration  and  Arrange  ■ 
ment.  The  cockpit  ccufigurat . r ana  arrangement  of  the  test  helicopter 
were  evaluated  except  for  th  se  -terns  changed  in  the  manufacturer's 
technical  proposal.  The  cockpit  "figuration  and  arrangement  were 
satisfactory  except  for  the  following: 

(a.)  The  center -'eft  seating  arrangement  was 
unsatisfactory  because  of  the  th.se  proximity  of  the  student's  (center) 
c ilect-'/e  control  to  the  instructor's  (left)  seat. 


(b)  Engine  p wer  could  be  decreased  when 
throttle  friction  was  applied. 

(c)  Toe  manifold  pressure  fcleed-air  control  was 
located  behind  the  reft  instrument  cons  tie  ash  tray  and  was  inaccessible. 

(a)  Installed  seat  belts  did  not  meet  military 
specification. 


te)  The  heater  installed  was  unsatisfactory  be- 
cause ^it) could  not  be  used  during  hovering  flight  (see  paragraph  D,  sec- 
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(8)  Suitability  of  Internal  Lighting.  The  USAARU  evalu- 
ation (paragraph  A,  section  two)  is  summarized  as  follows:  "The  cock- 
pit and  instrument  panel  illumination  met  Model  Specifications.  " 

(9)  Suitability  of  External  Lighting. 

(a)  The  position  lights  located  on  the  forward  cross 
tubes  were  satisfactory  and  caused  no  distracting  reflections  in  the  cock- 
pit. 

(b)  The  landing  light,  ground  adjustable,  installed 
on  the  helicopter  was  satisfactory. 

(c)  The  anti-collision  rotating  beacons  installed 
on  the  helicopter  were  satisfactory  and  were  located  to  prevent  reflection 
into  the  cockpit. 


(10)  Durability  and  Reliability.  Durability  and  reliability 
could  not  be  determined  within  the  relatively  short  test  time  specified. 

(11)  T ransportability.  The  helicopter  is  capable  of 
being  transported  by  C-123/130  type  aircraft  and  by  surface  transport. 

(12)  Noise  Level.  The  USAARU  evaluation  (paragraph 
A,  section  two)  is  summarized  as  follows:  "Internal  and  external  sound 
pressure  levels  met  the  Statement  of  Requirement.  However,  numerous 
internal  measurements  exceed  the  military  specifications  for  acoustical 
noise  levels  in  Army  aircraft.  " 

b.  Flight  Characteristics.  The  helicopter  was  flown  at 
gross  weights  up  to  the  maximum  certificated  (2800  pounds).  The  follow- 
ing were  determined: 

(1)  Stability.  Stability  was  satisfactory.  Momentary 
"hands-off"  cruising  flight  was  possible  for  all  but  moderate-to-severe 
turbulent  conditions. 

(2)  Controllability.  Controllability  was  satisfactory . 
Control  response  was  positive  and  of  a rate  suitable  for  primary  heli- 
copter training.  Control  travel  was  adequate  to  provide  the  necessary 
controllability  for  maneuvers  performed  in  primary  helicopter  training. 

c.  Perform ance.  The  helicopter  was  flown  at  the  maxi- 
mum certificated  gross  weight  (2800  lb.  ) and  estimated  mission  operating 
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weight  (2531  lb.)  to  determine  whether  it  met  the  performance  criteria 
stated  in  the  Model  Specification.  The  following  was  determined: 

(1)  The  helicopter  was  capable  of  cruising  at  65 
knots  true  airspeed  (TAS)  at  sea  level. 

(2)  Endurance  at  65  knots  (TAS)  was: 

-,a,  2.6  hours  at  2800  pounds  at  4600  feet 
density  altitude. 

(b)  3.  0 hours  at  2531  pounds  at  3600  feet 
density  altitude. 

(3)  Hover-out-of -ground  effect  was  accomplished  at 
a density  altitude  of  4400  teet  which  is  equivalent  to  a pressure  altitude 
of  1000  feet  with  an  ambient  temperature  cf  110°F. 

(4)  The  rates  of  climb  under  ICAO  sea  level  standard 
day  conditions  at  45  knots  (T AS)  were: 

1 1330  feet  per  minute  at  2800  pounds  (maximum 

gross  weight). 

(b)  1700  feet  per  minute  at  2531  pounds  (mission 
operating  weight). 

(5)  The  auto  rotational  performance  was  determined 
at  4400  feet  density  altitude  (1000  feet  pressure  altitude,  110°F.  ) and 

at  true  airspeeds  of  43  knots  for  maximum  gross  weight  and  42  knots 
for  estimated  mission  operation  weight.  Tested  under  these  conditions, 
the  rates  of  descent  were: 

(a)  1800  feet  per  minute  at  2800  pounds. 

(b'  1820  fe "t  per  minute  at  2531  pounds. 

(6)  In  autorotation  under  those  conditions  (paragraph 
(5)  above),  the  helicopter  regained  normal  rotor  r.p.m.  following  a 
decay  of  rotor  r.p.m.  to  the  lower  operating  limit  with  an  average  of  a 
150-foot  loss  of  altitude. 


resonance . 


(7)  The  helicopter  was  not  susceptible  to  ground 


(8)  The  helicopter  was  landed  cross  slope  on  15- 
degree  slopes;  however,  with  the  left  skid  up-slope  insufficient  cyclic 
control  caused  a condition  of  mast-bumping. 

d.  Mission  Suitability.  This  portion  of  the  test  was 
conducted  by  the  USAPHS.  Their  report  (paragraph  B,  section  two) 
is  summarized  as  follows: 

"The  PH-4  Helicopter  is  suitable  for  the  training  mission.  The 
evaluation  considered  the  areas  of  flight  controls,  stability,  power  reserve 
autorotative  characteristics,  latitude  for  student  error,  training  endur- 
ance, location  of  controls  and  ground  resonance.  In  each  of  these  areas, 
USAPHS  found  the  aircraft  acceptable  for  its  intended  mission.  " 

e.  Maintenance. 

(1)  During  the  evaluation  the  helicopter  was  maintained 
by  the  manufacturer’s  representative  with  military  personnel  provided 

for  servicing,  general  assistance,  and  maintenance  of  records.  The 
helicopter  required  only  organizational  maintenance.  Maintenance  require' 
ments  will  not  differ  from  those  of  Army  helicopters  presently  used  for 
a primary  helicopter  training  mission. 

(2)  Throughout  the  evaluation,  80/87  octane  fuel  was 
used  because  of  the  type  of  engine  installed.  However,  the  VO540-9 
engine  included  in  the  manufacturer's  technical  proposal  will  operate 
satisfactorily  on  standard  Army  aviation  fuels  (115/145)  and  lubricants. 

(3)  The  helicopter  was  easy  to  service  and  maintain. 

(4)  Tools  and  ground  support  equipment  normally 
found  at  the  organizational  level  were  adequate  for  organizational  mainte- 
nance. Special  tools  are  required  for  higher  echelons  of  maintenance. 

2 . Evaluation  of  Manufacturer’s  Technical  Proposal.  The 
manufacturer's  technical  proposal  to  configure  the  test  helicopter  to 
meet  Model  Specification  was  reviewed  and  the  following  was  determined: 

a.  The  location  of  radio  and  intercommunication  controls 
was  satisfactory. 

b.  . Inertia  reels,  which  are  necessary  for  shoulder  har- 
nesses for  the  primary  helicopter  training  mission  , were  not  specified. 


71 

rtw  UMlLMAt.  uae  ONLY 


. - - ' ' T " --  ’ ’ r'"v^  •■'  ' ""'TT’  ' '' 


c.  Floor-mounted  and  cyclic- control-mounted  radio- 
interphone keying  switches  were  provided  for  both  student  and  instruc- 
tor pilot  stations. 


d.  Alternate  left-right  seating  proposal  is  considered 
superior  to  seating  arrangement  installed  on  test  helicopter  (left, 
instructor;  center,  student),  because  of  improved  visibility  for  stu- 
dent and  elimination  of  the  possibility  of  the  instructor  interfering 
with  the  student  pilot's  collective  pitch  movements. 


e.  An  attitude  indicator  was  provided. 


f.  The  USABAAR  evaluation  (paragraph  D,  section  two), 
is  summarized  as  follows: 


"The  evaluation  considered  the  categories  of  Operational  Safety, 
Maintenance  Safety,  and  crashworthiness.  In  each  of  these  categories, 
USABAAR  found  the  aircraft  to  be  acceptable  for  its  intended  mission." 


g.  The  USAAHUMRU  evaluation  (paragraph  D,  section 
two)  is  summarized  as  follows: 


' The  human  factors  design  of  the  crew  area  of  the  PH-4  primary 
training  helicopter  was  found  to  be  adequate  for  mission  accomplish- 
ment with  the  exception  of  the  heating  system  which  is  considered 
unsatisfactory.  " 


3.  Comparison  with  Model  Specification  and  Statement  of 
Requirement.  In  determining  whether  the  PH-4  met  the  requirements 
of  the  Model  Specification  and  Statement  of  Requirement,  the  charac- 
teristics of  the  helicopter  as  tested  and  an  evaluation  of  the  manufacturer's 
technical  proposal  were  considered. 


a’  Comparison  with  Model  Specification  as  Amended. 


Mod. 
Spec. 
Para  No. 


Model  Specification 
As  Amended 


PH-4 

Meets 


Remarks 


SCOPE. 


Scope . This  detail 
specification  covers 
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Spec. 
Para.  No 


Model  Specification 
As  Amended 


Meets 


tc. 


the  essential  require- 
ments for  the  design  of 
a single  engine  primary 
helicopter  trainer  capable 
of  performing  the  mission 
specified  in  1 2 


Designation  and  Ueneral 


Description 


Army  Model  Designation  - 
Primary  Helicopter  Trainer 
'Army  Model  Number  not  yet 


as  signe  n 

Number  of  Crew  - 1 pilot  Yes 


Number  ol  Passengers  - 
1 student 


Crew  <md  Passenger 
Seating  Arr-mgerm-nt  - 
Sid'  by  Sid* 


r light  Controls  Du.l 


Type  of  Lngine  * 
Reciproc  >*ing 


Mis  sion . The  primary 
Army  mi-siot;  lor  which 
this  helicopter  will  be  em- 
ployed is  tr  lining  of  mili- 
tary pilots  m the  basic 
operation  and  performance  of 
a helicopter  Training  will 


Main  Rotor  System  - 
Single 


Model  Specification 
As  Amended 


be  accomplished 
under  conditions  to 
which  Visual  Flight 
Rules  apply. 


Federal  Aviation 


Agency  Certification, 
The  helicopter  will 
have  a Part  6 standard 
airworthiness  certifi- 
cate issued  by  the 
Federal  Aviation 
Agency. 


Perfo  rmance  Information 


Those  items  of  performance 
stated  as  requirements 
herein  which  are  not 
included  in  the  FAA 
approved  flight  manual 
are  subject  to  verification 
by  the  US  Army. 


APPLICABLE  DOCUMENTS 


The  documents  applicable  Yes 
to  this  specification  are  those 
necessary  to  fulfill  the  require- 
ments of  paragraph  1.3,  Fed- 
eral Aviation  Agency 
Certification. 


REQUIREMENTS 


Basic  Weight.  The  basic 
weight  of  the  helicopter 
will  include  all  required 
installed  equipment  includ- 
ing the  items  of  paragraphs 
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Mod. 

Spec. 
Para.  No. 


Model  Specification 
As  Amended 


PH-4 

Meets 


. 


I 


I 

I 


Spec . 


Remarks 


3.  7,  3.  8.  1.  1,  3. 8.  1. 2 
and  the  Electronic 
Equipment  as  stated 
in  Table  E,  Appendix  I. 

3.  2 Center  of  Gravity  Travel.  Yes 

Addition,  removal  or  re- 
location of  ballast  or 
aircraft  components  will 
not  be  necessary  in  order 
to  maintain  the  CG  within 
CG  limits  due  to  changes 
in  loading  of  the  helicopter 
with  respect  to  fuel,  pilot 
and  student 

3.  3 Useful  Load.  The  useful  Yes 

load  of  the  helicopter  will 
be  sufficient  for  400  lbs. 
in  addition  to  the  fuel 
and  oil  necessary  to  accom- 
plish the  2 1/2-hour  endur- 
ance mission  specified  in 
paragraph  3.4.  1 

3.  4 Required  Performance. 

3.4.1  ICAO  Sea  Level  Standard 

Day  Performance,  (at 
certificated  gross  weight) 

Cruise  Speed  (Minimum)  - Yes 

65  knots 

Endurance  (Minimum)  - Yes 

2 1/2  hours  at  65  knots 
cruise  speed 

Rate  of  Climb  (Minimum  - Yes 

1000  ft  per  minute 


1 

I 


I 
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Mod. 

PH-4 

Spec. 

Model  Specification 

Meets 

Para.  No. 

As  Amended 

Spec. 

R emarks 

regaining  normal  oper- 
ating R.P  M.  (as  speci- 
fied by  the  manufacturer) 
and  with,  an  altitude  loss 
not  to  exceed  200  feet. 

3.  5 

A.rcraft  Structure. 

3.  5.  1 

Lar.di  ng  Gear. 

3.  5.  1.  1 

Type  Landing  Gear. 
Skid  type  landing  gear 
which  will  permit  run- 
ning takeoffs  and 
landings. 

Yes 

3.  5.  2.  2 

Slope  Landings.  The 
landing  eear  will  per- 
mit cross  sLope  landing 
on  slopes  of  15°. 

Yes 

With  left  skid  up 
slope,  insuffi- 
cient cyclic 
control  caused 
a condition  of 
mast  bumping. 

3.  5,  1.  3 

•Ground  Handling. 
Ground  handling  wheels 
are  required.  Weight 
of  the  ground  handling 
wheels  will  not  be  in- 
cluded in  the  weight 
empty  if  they  are 
detachable. 

Yes 

3.  5.  1. 4 

Hoisting,  Jacking  and 
Mooring.  Provisions 
will  be  made  for  hoist- 
ing, jacking  and  mooring. 

Yes 

3.  5.  2 

Main  Rotor  Blades. 
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Spec* 
Para  No 


Mods'  Specif.  a1:  on 
A-  Am-. ’^led 


Meets 

Spec. 


Remarks 


3.  5.  2.  1 


3.  5.  3 


3.  5„  4 
3.  5. 4.  1 


3.  5.  4.  2 


3.  6 


3..  7 


Elad-  I*  te  r • har  ge  ab:  iity. 
The  main  rotor  1 lades 
vi il  be  individually  inter- 
changeable. 

Yes 

Control  P-dals.  Both 
sets  of  directional  < on- 

troi  pedais  of  the  air* 
craft  will  be  adjustable. 

Yes 

Operating  E-  v . reruns nt. 

Aircraft  Operation.  Tks 
a i r raft  w.  I be  c apabi  of 
operating  in  temperatures 
from  0°F  to  +100°F„ 

Undeter  - 
mined 

T emper  atures 
during  tests 
ranged  from 
7 5°F.  to  95°F. 

C ci  • . H - a*.  ing»  The  air  - 
ra’t  wi  " • ave  a heating 
system  'a^jc1,  provid. -s  a 
minimum  of  50°F.  c&bir 
temperature  wit"  0nF. 
outside  air  temperatur-.. 
Thus  condition  need  only 
be  sa*  sf.ed  w:' - v - en- 

Undeter  - 

mined 

Heater  oper- 
ation was  pro- 
hibited during 
hover.  Due  to 
temperature 
ranges,  test 
could  not.  be 
conducted . 

g:. ' e ops  rat.  r.g. 

Fuel  and  Lubricants . Yes 

T " - engine  w '.1  opera’s 
oi.  s-.  :*  ' uel  and  tub  n.  ants 
vl  ieh  a*  e now  - st.al  lished 
■is  standard  Iv  the  US 
Ar*>'  (Re-  M'L  G 5572C 
da’  d 2 Tui  60  & M1L-L- 
228  5i  dafed  30  Jun  61  & 
MIL-L-6082C  dated 
18  May  61,,. 

Instruments  and  Naviga-  Yes 

1 1 ora  1 Eqi . i pm  ent  Flig  ht 
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instruments  ard  lights 
ter  day  and  night  VFR 
conditions  snail  bt 
furnished  and  installed 
by  the  contractor, 

An  attitude  indicator 
shall  be  provided  as  part 
of  the  basic  aircraft 
instrumentation. 

3.  8 Electrical . 

3.  8.  1 Lighting. 

3.8.  1.  1 Anti-Collision  Light. 

The  aircraft  will  have 
an  anti-collision  light. 

The  light  will  be  located 
to  prevent  reflection 
into  the  cockpit. 

3.8.  1.2  Landing  Light(s).  The 

aircraft  will  be  equipped 
with  landing  light's/  which 
will  be  adjustable.  The 
landing  light  switch  will 
be  Located  on  the  pilot's 
cyclic  or  collective 
control. 

3.8.2  Power  Receptacle.  The 

aircraft  will  be  equipped 
with  an  external  power 
receptacle  of  an  AN  or 
AMS  standard  design. 

Switches  and  Auxiliary 
Controls.  All  switches 
and  auxiliary  controls 


3.  8.  3 


Mod. 
Spec. 
Para  No. 


Model  Specification 
As  Amended 


PH-4 

Meets 

Spec. 


Remarks 


necessary  fcr  f Light 
and  navigation  will  be 
accessible  and  within 
reach  of  the  student 
pilot  and  the  instructor 
pilot.  Switches  and 
controls  shall  be  oper- 
able in  flight  by  personnel 
wearing  winter  flight 
clothing. 

Accessible  floor  mounted  Yes 

and  cyclic  control  mounted 
radio-interphone  switches 
will  be  provided  for  both 
student  pilot,  and  instructor. 

3.  9 Electronic  Equipment.  The  Yes 

aircraft  will  be  equipped 
with  the  electronic  equip- 
ment as  indicated  in 
Appendix  I. 

3.  10  Safety  Equipment.  Seat  Yes 

belt  and  shoulder  harness 
will  be  furnished  for  ail 
occupants . 

Appendix  I 

C ommunicatior. 

UHF  - AN/ ARC-45,  1 ea.  Yes 

ICS  — C-161I,  2 ea.  Yes 

Mi  sc  allaneou  s 

Antenna  - AT-450/ARC,  Yes 

1 ea. 


li  i 


4TOB  nrnci, 


~ut  nwLY 


I 

I 

1 

! 


I 

- 

Seat  belts 
did  not  meet 
military 
specification. 


GFE 

GFE 


GFE 


* 
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Mod. 

Spec. 
Para.  No. 


Model  Specification 
as  Amended 


PH-4 

Meets 

Spec. 


. 


Battery  - Sonotone 
MA-7,  1 ea. 

Inverter  (If  required  either 
inverter  listed  with  be  a 
suitable  substitute  for 
standard  equipment.  ) - 
Leland  MIL-E-93-200  or 
Bendix  328-172-1,  1 ea. 


Remarks 


Yes 


Yes  Technical  pro- 
posal specified 
MIL-E-93-200. 


b.  Comparison  with  Statement  of  Requirement.  A com- 
parison with  the  Statement  of  Requirement  (reference  4)  excluding 
those  requirements  covered  by  the  Model  Specification,  follows: 


PH-4  Meets 

Requirement  Requirement  Remarks 


Size 


It  is  desired  that  the 

No 

Helicopter  height 

external  dimensions  of 

was  10.02  feet, 

the  helicopter,  less 

length  was  27.  8 

rotor,  not  exceed  8 

feet,  and  width 

feet  in  height,  23  feet 
in  length,  and  7 feet 
in  width. 

was  7.  5 feet. 

With  full  cyclic  move- 

No 

With  cyclic 

ment,  the  rotor  blade 

centered  and 

tip  clearance  above  the 

at  normal 

ground  level  should  not 

rotor  r . p.  m.  , 

be  less  than  6 feet  with 

g round -to -main - 

rotors  turning. 

rotor  clearance 
was  satisfactory. 

— tu»  orriOM 
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PH -4  Meets 

Requirement  Requirement  Remarks 


Size 


A minimum  rotor  diameter 
consistent  with  good  autoro- 
t.ative  characteristics  is  desired. 

Structure  and  Design 

The  following  will  he  required: 
Main  rotor  blades  which  are 
interchangeable,  without  re~ 
tracking  desirable. 

If  more  than  two  mam  rotor 
blades,  provisions  should  be 
provided  tor  simple  expeditious 
folding  and  unfolding. 

It  shall,  be  free  from  ground 
resonance. 

Suitable  seat  belts  and  shoulder 
harnesses  for  both  student  pilot 
and  instructor. 


Electric  a 1 

The  following  are  required: 
Lighting;  adequate  position, 
cockpit,  a.nti-collisio:  and 
landing  lights  for  night  flight. 
Position  and  anti-collision 
lights  to  be  positioned  to  pr 
vent  reflection  into  cockpit; 
landing  light  to  be  adjustable. 


Yes 


Yes 


N/A 


Yes 


N Seat  belts  did 

not  meet  mili- 
tary specifica- 
fcl  r and  shoulder 
bar  ne  - r e s w ith 
inertia  reels 
we  re  - ot 
proposed. 


Y-.3 
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use  ONLY 


Requir  eme  nt 


PH-4  Meets 
Requirement 


Remarks 


Durability  and  Reliability 


Engine  and  dynamic  components 
should  not  be  materially  affected 
by  dust,  sand,  moisture,  etc. , 
encountered  in  operation  from 
unprepared  areas. 


Unde- 

termined 


Noise  Level 


The  lowest  possible  noise  level 
is  desired  without  use  of  a 
complex  or  elaborate  muffler 
system  or  extension  or  heavy 
insulation. 


Exceeded  MIL- 
A-8806 in  all 
areas  (paragraph 
A,  section  two). 


Personnel  Considerations 


No  new  personnel  skills  will 
be  required. 


Due  to  si  milarity 
of  helicopter  to 
other  helicop- 
ter s in  Army 
inventory,  no 
new  skills  will 
be  required. 


Training  Considerati on s 


No  new  training  requirements 
will  be  generated. 


No  new  training 
requirement  s 
for  technical 
service  schools 
are  required. 


No  supporting  training  devices 
other  than  those  on  hand  at  the 
US  Army  training  base  are 
required. 
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D.  Deficiencies  and  Shortcomings. 


1.  The  following  deficiency  was  noted  during  conduct  of  the  test: 


Deficiency 

Inertia  reels  were  not  provided 
or  included  in  the  proposal. 


Suggested  Corrective  Action 
Install  suitable  inertia  reels. 


2.  The  following  shortcomings  ws:  s noted  during  conduct  of 
the  test: 


Shortcomings 

a.  Manifold  pressure  purge  control 
location  not  accessible. 


b.  Center  - left  seating  arrange- 
ment was  considered  unsatisfactory 
because  of  the  close  proximity  of 
the  student's  collective  contr  1 to 
tne  instructor's  position. 

c.  Engine  power  can  be  inadvertently 
decreased  when  increasing  throttle 
friction. 

d.  The  tall  boom  :'Pogo"  stick  was 
unsatisfactory. 

e.  Magnetic  chip  detectors  were  not 
installed . 


f.  Heater  could  not  be  operated  at  a 
hover. 


Suggested  Corrective  Action 


Relocate  manifold  pressure 
purge  control  to  an  accessible 
po si. tic  n. 

Provide  left-right  seating 
ar  rangement. 


Provide  throttle  friction  that 
tightens  wit!  application 
of  power. 

Install  tail  rotor  guard. 


Install  magnetic  chip 
detectors  of  the  contin- 
uous read -cut  type  in 
the  transmission  engine 
oil  sumps. 

Relocate  heater  intake  valve. 
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SECTION  TWO 

Reports  from  Other  Agencies  on  the  PH-4 
Paragraphs  Page  No. 

A US  Army  Aeromedical  Research  Unit  87 

B US  Army  Primary  Helicopter  School  97 

C US  Army  Board  for  Aviation  Accident  Research  103 

D US  Army  Aviation  Human  Research  Unit  107 
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PARAGRAPH  A 


Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 

USAARU-FO  6 August  1963 


LIGHT  EVALUATION  OF  THE  PH -4 


1 . Methods  and  Equipment. 

a.  The  evaluation  consisted  of  in-flight  analysis  of  the  aircraft's 
lighting  system  under  night  conditions.  Criteria  for  this  evaluation  were 
derived  from  U.  S.  Navy  Specifications  governing  cockpit  and  instrument 
panel  illumination  modified  to  meet  Army  requirements. 

b.  A standard  Norwood  photo-electric  meter  was  used  to  mea- 
sure overall  cockpit  illumination  from  the  auxiliary  hand  light  or  map 
light. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Reflections  from  the  instrument  panel  lights  were  noted  on 
the  right  and  left  sides  of  the  bubble. 

b.  Reflections  from  the  grey  painted  cockpit  interior  were 
noted  on  the  bubble. 

c.  Warning  and  caution  lights  should  be  dimmed  for  night  opera- 
tions to  safeguard  the  pilot's  night  vision  (Transmission  Oil  Pressure, 
Transmission  Oil  Temperature). 

d.  The  Grimes  anticollision  light  mounted  on  the  mast  produced 
a stroboscopic  reflection  on  the  rotor  blades.  The  reflection  is  reduced 
to  a minimum  due  to  the  flat  black  paint  on  the  rotor  blades.  However, 
as  the  blade  surfaces  wear  and  become  shiny,  or  if  other  light  colored 
blades  are  installed,  the  stroboscopic  reflection  could  present  a problem. 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


COCKPIT  LIGHT  STUDY 
PH-4 


1.  Are  all  instruments  adequately  illuminated?  Yes. 


2.  Are  they  illuminated  uniformly?  Yes.  Is  there  sufficient 
intensity?  Yes. 


3.  Is  illumination  controllable  to  very  low  intensities?  Yes  (Rheostat) 


4.  Are  markings  of  instruments  readable?  Yes. 


5.  Are  all  controls,  instructions,  and  nameplates  adequately  illumi- 
nated? Yes. 

6.  Are  they  illuminated  uniformly?  Yes.  Is  there  sufficient  intensity? 

Yes. 


7.  Is  illumination  controllable  to  very  low  intensities?  Yes. 


8.  Are  markings  on  controls,  instructions  and  nameplates  readable? 


9.  Is  the  intensity  of  lighting  for  some  instruments  and  controls  con- 
trolled separately?  


10.  Is  floor  lighting  provided?  Yes.  Is  the  light  standard  red? 

Yes  (also  white  light) 

11.  Is  the  power  source  independent  of  normal  lighting  circuit?  Yes. 


12.  Are  there  any  sources  of  light  which  give  other  than  standard  red 
light?  No. 

13.  Are  there  any  reflections  in  the  w'incfshield,  windows,  canopy  or 
other  reflecting  surfaces  which  interfere  with  visibility  inside  or 
outside  the  cockpit?  Yes  (note  para.  3a,  b) 
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14.  Is  there  light  leakage  into  the  cockpit  from  other  compartments? 

No. 

15.  Are  spare  lamps  provided  in  sufficient  quantity  and  easily 
accessible?  N/A 

16.  Are  all  instruments,  instructions,  nameplates,  and  control  mark- 
ings readable  in  daylight?  Yes. 

17.  Can  warning  and  caution  lights  be  dimmed  sufficiently  for  night 
operations?  No  (note  para  3 c). 

18.  Are  warning  and  caution  lights  of  sufficient  intensity  for  daylight 
use  ? Yes . 

19.  Are  warning  and  caution  lights  on  the  mam  dimming  circuit?  No. 

20.  Is  lighting  provided  in  accordance  with  the  aircraft  detail  specifi- 
cation? — 

21.  Is  the  auxiliary  light  adequate  for  reading?  Yes. 

22.  Does  the  light  cause  glare  to  cockpit?  No. 

23.  Is  there  adequate  general  illumination  for  the  compartment?  Yes, 

24.  Do  any  of  the  exterior  lights  provide  glare  in  the  cockpit?  No.  (note 
para  3d) 

25.  Is  exterior  lighting  provided  in  accordance  with  FAA?  Yes , 

Map  light  rated  at  32  footcandles  with  the  light  14  inches  from  the 
photometer. 
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Aviation  Field  Operations  Division 
IJ.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Ruckei,  Alabama  36362 

USAARU-FO  6 August  1963 

REPORT  ON  PH-4 


. 
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1.  Method  of  Testing. 

a.  The  heating  and  ventilation  evaluation  of  the  PH-4  model 
consisted  of  comparisons  of  outside  air  temperature  and  cockpit  air 
temperature  with  the  aircraft  under  all  operating  conditions.  In  con- 
junction with  these  checks,  a carbon  monoxide  test  was  also  made. 

b.  Equipment  consisted  of: 

(1)  Weston  Aneroid  Thermometer,  Model  2291. 

(2)  Mine  Safety  Appliance  Company  Carbon  Monoxide 
Tester,  Category  No.  DS-47133. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Although  high  temperatures  were  encountered  on  the  aircraft 
with  doors  on,  windows  closed,  and  vents  closed  (see  Annex  A),  this  air- 
craft will  rarely  if  ever,  be  operated  under  these  conditions  with  existing 
outside  temperature  at  86l  F. 

b.  The  recommended  maximum  temperatures  for  clothed  men 
not  especially  acclimatized  are  as  follows: 

(1)  Resting  in  still  air  - 88°F. 

(2)  Resting,  with  some  air  movement  (170  FPM  air  velocity) 
- 93°F. 

(3)  Moderate  work,  -til!  air  - 78°F. 

Reference:  Patty,  Frank  A.  , Indu -trial  Hygiene  & Toxicology  (2d  ed.  , 
Vol.  1;  New  York:  Interscier.ce  Publisher  s Inc.  , 1958). 
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USAARU-FO 

SUBJECT:  Report  on  PH-4 


6 August  1963 


c.  Comparing  recommended  working  temperatures  (see  above) 
with  temperatures  found  in  aircraft  (see  Annex  A),  a mean  working  tem- 
perature of  95°F.  was  derived. 


d.  Carbcn  monoxide  was  not  found  in  this  aircraft  at  any  time. 

e.  Heater  was  not  checked  on  this  aircraft  due  to  extreme  out- 
side temperatures. 


1 Incl 


/ s/  J.  C.  Rothwell 
/ 1/  J.  C.  ROTHWELL 
Captain,  M SC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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PH-4 

HEATING  AND  VENTILATION  EVALUATION  OF  OFF-THE-SHELF 


HELICOPTER  TRAINERS 


Analyzed  by:  Captain  Rothwell 


Date:  6 August  1963 


VENTILATION 
On  Ground 


Doors  Off  (P) 


Doors  On  - Window  Open 


Doors  On  - Window  Closed,  Vent 


Doors  On  - Window  Closed,  Vent  Closed 


% CO 


A/  C Out  I 


Tern 


A/  C Out 


Hover 

Doors  Off  (P)  q_ 

Doors  On  - Window  Open q_ 

Doors  On  - Window  Closed,  Vent  Open q_ 

Doors  On  - Window  Closed,  Vent  Closed Q_ 

In-Flight 

Doors  Off  (P)  q_ 

Doors  On  - Window  Open q_ 

Doors  On  - Window  Closed,  Vent  Open q_ 

Doors  On  - Window  Closed,  Vent  Closed o 


HEATING* 


*Heat  check  not  performed. 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 


USAARU-FO 


6 August  1 963 


NOISE  EVALUATION  OF  THE  PH -4 


1 . Methods  and  Equipment. 

a.  Due  to  the  number  of  aircraft  to  be  tested  and  the  short  time 
available,  the  noise  analysis  was  limited  to  the  following: 

(1)  "A"  - 25-55  db;  sound  level  for  speech  interference. 

(2)  "B"  - 55-85  db:  sound  level  for  noise  survey. 

(3)  "C"  - 85-140  db:  sound  pressure  level- -over- all  fre- 
quency response. 

b.  A General  Radio,  Sound- Level- Meter,  type  1551-C,  was 
used  for  the  noise  measurements. 

c.  The  test  area,  located  at  County  Line  Strip,  is  a pre-marked 
compass  rose  with  a 50  foot  radius. 

2.  Results.  {See  Annex  A‘ 


3.  Discussion. 


Doors  On  Doors  Off  MIL-A-8806 


Normal  cruise 


Maximum  cruise 


a.  Operation  of  this  helicopter  at  normal  and  maximum  cruise 
with  the  doors  on  and  off  produced  excessive  sound  pressure  levels  as 
shown  above.  These  noise  levels  exceed  Tables  I and  IV  MIL-A-8806. 


b.  There  are  no  military  specifications  for  external  noise. 
Raw  data  is  included  for  purpose  of  comparison  only. 


USAARU-FO 

SUBJECT:  Noise  Evaluation  of  the  PH-4 


6 August  1963 


4.  Summary.  Improvements  should  be  made  to  reduce  noise 
levels  to  meet  military  specifications  (MIL-A-8806). 


/ s/  William  C.  Thrasher 
/ 1/  WILLIAM  C.  THRASHER 
2/  Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opn 


NOISE  LEVEL  MEASUREMENTS-OCTAVE  BAND  ANALYSIS 
DATA  COLLECTION  SHEET 


Analyzed  by 


zt.  Parsons 


DOORS- ON 


Ground  idle 


Ground  high  power 


Hover 


Normal  cruise 


Maximum  cruise 


DOORS-OFF 


Ground  idle 


Ground  high  power 


Hover 


Normal  cruise 


Maximum  cruise 


EXT  HIGH  POWER 


180 

HOVER 

0 

30 

PH-4 
A B 


Date  1 August  1963 


Air  Mani- 

Center  Student  Speed  fold  RPM  Radius 


10.  5" 

2200 

13.7" 

3200 

23.0" 

3200 

24.  0" 

3200 

24.0" 

3200 

PARAGRAPH  B 


HEADQUARTERS 

UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 
Fort  Wolters,  Mineral  Wells,  Texas 


AKPWO-HS  27  August  1963 

SUBJECT:  Evaluation  of  Mission  Suitability  of  the  Prim  ry  Helicopter 
Trainer  (Off-the- Shelf)  USATECOM  Project  No.  4-3-1000- 
01  -A 


TO:  President 

US  Army  Aviation  Test  Board 
Fort  Rucker,  Alabama 


Attached  hereto  are  reports  of  evaluation  of  mission  suitability  for 
the  PH-1,  PH-4,  and  PH-5  Helicopters. 


3 Incl 

1.  PH-1 

2.  PH-4 

3.  PH-5 


/ s/  J.  E.  Gonseth  Jr 
It/  J.  E.  GONSETH  JR 
Colonel,  Signal  Corps 
Commandant 


1 

1 
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ALUA IION  OF  MISSION  SUITABILITY 


AS  CONDUCTF.D  BY  THL  US  ARMY  PRIMARY  HELICOPTER  SCHOOL 


t.  Experienced  primary  flight  instructors  from  the  US 
ry  Helicopter  School  conducted  primary  flight  training  with 
dent  ofiicers  with  no  previous  flight  experience  and  transi- 
for  rated  Army  aviators  with  varied  experience  in  observa 
frs.  The  helicopter  was  repeatedly  flown  through  typical 
sions  with  the  students  being  required  to  perform  maneu- 
d in  the  approved  flight  syllabus  of  the  US  Army  Primary 
:hool.  Fort  Wolters,  Texas. 


Hovering  The  s 


tiffness  of  cyclic  and  collective  pitch  con- 
trols contribute  to  pilot  fatigue  and  is  conducive  to  late  control  correc 
tions  by  the  pilot 


Maximum  Pc  rformano 


d.  Running  T-ikeofi  a no  L.  indin, 
m.ineuvi  r in  an  acceptable  rriannc  r 


The  helicopter  performed 


e manner 


g.  Simulated  Forced  Landings.  The  helicopter  performed  this 
maneuver  in  an  acceptable  manner;  however,  the  rate  of  descent  in 
autorotation  is  higher  than  desired  for  a Primary  Trainer.  Visibility 
from  the  center  seat  is  poor. 


h.  Decelerations.  The  helicopter  performed  this  maneuver  in 
an  acceptable  manner. 

i.  Simulated  anti-torque  control  failure.  The  helicopter  per- 
formed this  maneuver  in  an  acceptable  manner. 

3.  Comparison  with  Criteria  for  Evaluation  of  Mission  Suitability 


of  "Off-the-shelf"  Primary  Helicopter  Trainers.  A comparison  of  the 


characteristics  of  the  helicopter  with  the  Criteria  for  Evaluation  follows 


Criteria  for  Evaluation 

Flight  Controls  (Cyclic,  collec- 
tive and  anti -torque):  Must  have 
a rapid  and  positive  response 
with  no  tendency  to  overshoot  in 
response  to  corrections  in  pow- 
ered and  non-powered  flight  due 
to  the  general  inability  of  the 
student  pilot  to  treat  a.ny  aircraft 
with  the  same  finesse  and  care  of 
a seasoned  pilot. 

Stability:  Inherent  stability  in 
the  vertical,  longitudinal  and 
lateral  axis  that  will  absorb  pow- 
er changes  (power  to  non-power 
and  non-power  to  power,  inten- 
tional/inadvertent) with  minimum 
corrective  action  required  to  re- 
gain positive  control. 


Helicopter 

Meets 

Criteria 


Remarks 

The  PH-4  helicopter 
meets  the  flight  con- 
trol criteria  with  the 
exception  of  the  stiff- 
ness in  the  cyclic  and 
collective  pitch  con- 
trols. 


Power  Reserve:  Provide  an  ade- 
quate power  reserve  that  will 
allow  the  instructor  pilot  to  con- 
tain or  recover  from  unusual 
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Helicopter 

Meets 

Criteria 


Criteria  for  Evaluation 


situations  induced  by  student 
errors. 


Autorotative  Characteristics 


Rotor  Mass  ar.d  inertia  adequate 
to  allow  for  student  error  in 
autorotative  landings. 


Latitude  for  Student  Error:  In- 
herent flight  characteristics  that 
will  allow  a student  to  make  an 
identifiable  error  and  -.till  have 
sufficient  latitude  lor  the  student 
pilot  and/ or  instructor  pilot  to 
make  a recovery.  No  preflight 
or  starting  techniques  that  would 
demand  detailed  procedure  or 
unsual  knowledge  on  the  part  of 
the  student  pilot  and  instructor 
pilot. 


Training  Endurance  Consider  a 


The  PH-4  helicopter 
meets  the  training  en- 
durance considera- 
tions with  the  excep- 
tion of  shoulder  room 
between  the  IP  and 
student. 


tions:  Adequate  ventilation, 
heating  and  defrosting  equipment 
Ample  shoulder  room  between 
instructor  pilot  and  student  and 
between  collective  and  door. 
Comfortable  seat  cushions  to 
allow  four  hours  of  flight  without 
undue  fatigue. 


Location  of  Control-:  Irim  con- 

trols if  required  on  each  cyclic 
stick.  Any  control  locking  or 
safety  devices  i"  sight  and  reach 
of  the  instr  ictor  pilot. 


Ground  Resonance:  Must  be  free 
of  ground  resonance. 


President 

U.  S.  Army  Aviation  Test  Board 
ATTN:  Off-the -Shelf  Project  Officer 
Fort  Rucker,  Alabama 


1.  The  following  is  USABAAR's  evaluation  of  the  PH-4  for  the  off- 
the-shelf  primary  helicopter  trainer  competition.  The  evaluation  con- 
sidered the  categories  of  aviation  safety  and  accident  prevention  in 
three  primary  categories.  In  each  of  these  categories,  USABAAR 
found  the  aircraft  to  be  acceptable  for  its  intended  mission.  However, 
there  are  certain  deficiencies  which  will  detract  from  its  mission  ca- 
pability and  should  be  considered  by  those  responsible  for  selecting  the 
winner  of  the  competition.  Categories  considered  are: 


a.  Operational  Safety  - This  category  considers  those  features 
of  the  aircraft  and  its  operating  characteristics  that  are  considered  to 
be  conducive  to  accident  causation  and  which  may  detract  from  the 
operator's  ability  to  maintain  safe  flight  at  all  times. 


b.  Maintenance  Safety  - This  category  considers  maintenance 
design  features  of  the  aircraft  contributing  to  accident  causation.  It 
includes  those  features  of  "Murphy's  Law,  " ease  of  inspection,  acces- 
sibility for  component  replacement,  the  pre-flight  inspections  imposed 
on  the  operator,  etc. 


\ /pREQfDINO  'JpE  BLANK- NOT  FIJMED 


BAAR-P 

SUBJECT- 


6 September  1963 

USABAAR'  ? Evaluation  of  PH-4  Off-the-Shelf  Primary 
Helicopter  Trainer 

2.  Evaluation  comments  are  as  follows: 

a.  Operational  Safety 

(1)  There  are  excess  control  forces  on  the  collective  pitch 
which  would  result  in  pilot  fatigue. 

(2)  The  tail  boom  "Pogo  ’ stick  is  not  substantial. 

(3)  The  tail  rotor  has  no  guard  extending  beyond  the  blades 
which  would  prevent  personnel  from  walking  into  them. 

(4}  The  main  skid  shoes  are  not  full  length. 

{5}  There  is  insufficient  leg  rccm  between  the  pilot's  collec- 
tive pitch  control  and  the  copilot's  cyclic  control.  This  causes  inter- 
ference with  the  controls. 

’6)  The  cyclic  control  contacts  the  seat  cushion. 

(7V,  The  instrument  label?  are  not  standardized,  i.  e.  , some 
are  positioned  on  top  of  the  instruments  and  some  underneath.  The 
labels  should  he  embossed  as  v-ell  as  painted, 

(8i  The  heater  air  intake  valve  is  located  in  close  proximity 
tc  the  engine  exhaust  which  will  allow  fumes  to  enter  the  cockpit  during 
downwind  hovering, 

(9)  The  manual  cargo  foot  release  is  situated  so  that  it 
could  easily  be  inadvertently  actuated. 

b.  Maintenance  Safety 

(1)  Continuous  read  cut  chip  detectors  are  not  provided  in 
the  engine  or  transmission  systems. 

(2)  There  are  inadequate  pre  visions  for  "step  here"  areas 
on  which  to  stand  while  pre- flighting  the  rotor  head. 
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BAAR-P 

SUBJECT: 


6 September  1963 

USABAAR's  Evaluation  of  PH-4  Off-the-Shelf  Primary 
Helicopter  Trainer 

c.  Crashworthiness 

(1)  Shoulder  harnesses  with  inertia  reels  have  not  been 
provided. 

(2)  There  is  no  overhead  protection  for  personnel  in  the 
event  of  a crash  in  which  the  aircraft  turns  over. 

(3)  The  seat  belt  buckles  are  of  a civilian  design  which  is 
inadequate  for  Army  standards. 

3.  If  the  above  noted  items  are  corrected  by  the  manufacturer's 
proposal,  they  will  no  longer  be  considered  discrepancies. 

4.  The  following  features  are  recognized  as  desirable  and  con- 
sidered worthy  of  mention: 

a.  The  number  of  post-crash  fires  of  the  basic  PH-4  airframe 
construction  has  been  negligible  as  evidenced  by  accident  records  on 
file  in  USABAAR. 

b.  The  emergency  exits  and  releases  are  well  marked  and 
suitable  for  quick  egress. 

c.  The  range  of  external  vision  from  the  cockpit  is  excellent. 


/ s/  Robert  M.  Hamilton 
/ 1/  ROBERT  M.  HAMILTON 
Colonel,  Infantry 
Director,  USABAAR 
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PARAGRAPH  D 


Human  Factor?  Evaluation  of  PH-4  Primary  Trainer 


1.  1 The  human  factors  design  of  the  crew  area  of  the  PH  -4  pri- 
mary training  helicopter  was  found  to  be  adequate  for  mission  accom- 
plishment with  the  exception  of  the  heating  system  which  is  considered 
unsatisfactory. 


2.  Detailed  Considerations 


2.  1 The  heating  system  is  unsatisfactory  due  to  the  fact  that  it  can 
not  be  used  during  ground  operations  or  while  hovering.  As  a sizeable 
proportion  of  primary  training  consists  of  ground  operation  and  hover- 
ing, the  crew's  winter  comfort  is  sharply  impeded  by  this  deficiency. 


2.  2 The  location  of  the  attitude  indicator  and  electrical  system 
master  switch  adjacent  to  the  lighting  switches  is  undesirable.  A 
guarded  or  lift-type  safety  switch  should  be  used  for  these  switches, 
and  preferably,  they  should  be  separated  to  avoid  the  possibility  of 
cutting  off  electrical  power  while  intending  to  turn  off  the  attitude  in- 
dicator. This  event  would  also  turn  off  the  lights  required  for  finding 
the  master  switch  itself,  and  at  night  could  produce  total  lack  of  in- 
strument information. 


2.  3 A cover  over  the  attitude  indicator  is  considered  preferable  to 
switching  off  the  power  to  this  instrument.  When  this  instrument  dbes 
not  present  correct  attitude  it  is  very  distracting  to  both  students  and 
instructors  who  have  established  a scanning  pattern  including  it.  A 
complete  blank  is  preferable  to  incorrect  information. 


/ s / Robert  H.  Wright 
/ 1/  ROBERT  H.  WRIGHT,  Ph.  D 
Research  Scientist 


/ s/  H.  Alton  Boyd,  Jr. 

/ 1/  H.  ALTON  BOYD,  JR 
Research  Associate 


blanket  nu** 


■ « „ i,  - . 


UNIT  C - COMPANY  C MODEL  PH-5 


USAAVNTBD REPORT 


A.  Description  of  Materiel 


2.  Flight  controls  consist  of  cyclic,  collective  pitch,  and  anti 
torque  control  pedals.  The  collective  and  cyclic  controls  are  power 
boosted  with  hydraulic  cylinders  which  have  a.  lock  and  load  limiting 
feature. 


3.  The  main  rotor  system  consists  of  a two-bladed  teetering 
rotor,  blade  grips,  hub,  and  stabilizer  bar.  The  all-metal  blades  have 
ten-pound  weights  installed  in  each  tip  which  provide  50-percent  higher 
rotor  inertia  than  previous  models.  A twr-biaded,  all-metal,  antitor- 
que tail  rotor  mounted  on  a delta  hinge  provides  directional  control. 


4.  The  helicopter  center  body  section  and  tail  boom  are  of  a 
welded-tubular  steel  construction.  The  cockpit  enclosure  consists  of  a 
transparent,  tinted,  Plexiglas  bubble.  The  internal  cockpit  wddth  is 
five  feet  which  allows  sufficient  space  for  the  three -place  seating.  The 
cockpit  door  incorporates  sliding  windows  with  <xir  deflectors  for  im- 
proved ventilation.  Additional  air  circulation  is  provided  by  individually 
positioned  soft  rubber  fans  located  on  the  left  and  right  side  of  the  cen- 
ter pedestal. 


5.  General  dimensions  of  the  helicopter  submitted  for  test  are 


listed  below: 
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a.  Over  ail  height 

b.  Overall  length  'main  rotor 
to  tail  rotor  tip* 

c.  Main  rote  r diameter 

d.  Fuselage  width 

e.  Skid  gear  tread 


9 feet  4 inches 
tip  4 3 feet  3 inches 

37  feet  2 inches 
5 feet  5 inches 
7 feet  6 inches 


B,  Scope  of  Test.  The  lest,  was  conducted  in  the  vicinity  of  Fort 
Rucker,  Alabama,  by  USAAVNTBD  project  officers  and  USAPHS  in- 
structor personnel.  The  tests  consisted  of  three  phases:  a 60-flying- 
hour  test,  a study  of  the  manufacturer’s  technical  proposals  which  de- 
scribed changes  to  configure  the  test  helicopter  to  meet  the  stated  re- 
quirements, and  a comparison  of  the  helicopter  with  the  Model  Specifi- 
cation and  the  Statement  of  Requirement,  In  addition,  the  US  Army 
Board  for  Aviation  Accident  Research  fUSABAAR)  evaluated  the  avia- 
tion safety  aspect,  the  US  Army  Aviation  Human  Research  Unit 
(USAAHUMRU)  evaluated  the  human  factors  aspect;  and  the  US  Army 
Aetomedical  Research  Unit  (USAAR’T)  evaluated  noise  level,  internal 
lighting^and  heating  arid  ventilation. 

C,  Tests. 


1.  Evaluation  of  Physical  and  Flight  Characteristics,  Per- 
formance. Mission  Suitability,  »•  d Maintenance. 

a . Phy sic. a 1 Character  i s tic  - . 

{!’  Basic  arid  Oper  Ding  Weights.  The  helicopter  was 
weighed  a«  delivered  with  oil  ar  d trapped  'unusable)  fuel.  To  this 
weight  (l  900  pounds’,  the  weight  of  elec.m  nic  and  auxiliary  equipment 
required  for  Army  u-e  (1  4t  pound-’  w a-  added,  and  the  weight  of  cur- 
rently installed  equipment  not  required  for  Army  *»se  (73  pounds)  was 
subtracted  resulting  in  a total  estimated  basic  weight  of  1973  pounds. 
The  estimated  mission  ope  r itirg  weight  was  then  computed  by  adding 
to  the  estima'ed  bo -it,  weight  the  weight,  of  fuel  <’342  pounds)  and  400 
pound-  (instructor  arid  student’  Details  follow 

EMPTY  WEIGHT  as  weighed  1900  lb. 

(less  ground -handling  wheel- 
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Weight  of  required  equipment  to  be  added: 


Shoulder  harness  and  inertia  reel  6 lb. 

(2  each) 

First-aid  kit  and  fire  extinguisher  10  lb. 

AN/ ARC-45  (UHF)  27  lb. 

C-1611  interphone  (2  each)  4 lb. 

Attitude  indicator  (proposed)  3 lb. 

Inverter  (proposed)  4 lb. 

MA-7  battery  34  lb. 

Military  upholstery  (proposed)  15  lb. 

Heater  (proposed)  43  lb. 

TOTAL,  ADDED  146  lb. 


Weight  of  installed  equipment  to  be  removed: 


Commercial  radio 

8 lb. 

Commercial  upholstery 

31  lb. 

Battery 

34  lb. 

TOTAL  SUBTRACTED 

73  lb. 

TOTAL  BASIC  WEIGHT  (estimated) 
Fuel 

Instructor  and  student 
MISSION  OPERATING  WEIGHT 


146  lb. 


2046  lb. 


-73  lb. 
1973  lb. 
342  lb. 
400  lb. 
2715  lb. 


Ill 


ypw  ornciAL  use  only 


MISSION  OPERATING  WEIGHT  {brought  forward) 
REMAINING  AVAILABLE  PAYLOAD 


2715  lb. 


! 

C ' 
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235  lb. 

MAXIMUM  CERTIFICATED  GROSS  WEIGHT  2950  lb. 


(2)  Center  - of -Gravity  Travel.  Control  travel  was  suf- 
ficient to  provide  control  at  the  extreme®  of  allowable  center-of-gravity 
(CG)  position  at  maximum  certificated  and  normal  operating  gross 
weights.  The  addition,  removal,  or  relocation  of  ballast  or  aircraft 
components  was  not  necessary  for  the  helicopter  to  remain  within  CG 
limits  when  changes  were  made  in  loading  of  the  helicopter  with  re- 
spect to  fuel,  instructor,  and  student. 

(3)  Ground  Clearance.  Ground  clearance  was  sufficient 
for  operation  in  unimproved  areas;  however,  engine  supercharger  hous- 
ing presents  a fire  hazard  in  tall  grass.  At  normal  rotor  r.p.m.  , 
ground-to-main- rotor  clearance  was  satisfactory  with  cyclic  stick  cen- 
tered but  did  not  meet  specifications  when  cyclic  was  fully  displaced. 


4^  Ground  - Handling  Char  acter  istic  s. 
characteristics  of  the  helicopter,  with  removable  wheel 
sati  ^factory . 


Ground  - handl  ing 
s pi  ovided. were 


(5)  Suitability  for  Hoisting,  Jacking,  and  Mooring.  The 
helicopter  w.a,  equipped  with  suitable  hoi -ting  and  jacking  hard  points 
and  had  suitable  locations  on  the  structure  for  attachment  of  mooring 
lines. 


(6)  Suitability  of  External  Power  Receptacle.  The 
helicopter  was  equipped  with  an  external  power  receptacle  that  was 
compatible  with  Army  APLT's. 

1 7 Adequacy  of  Cockpit  Configur ation  and  Arrangement. 
The  cockpit  configuration  and  c r r angement  of  the  test  helicopter  were 
evaluated  except  for  those  item1  changed  in  the  manufacturer's  techni- 
cal proposal.  The  cockpit  configuration  and  arrangement  were  satis- 
factory except  for  the  following 

fa)  The  location  of  the  magnetic  compass  was  un- 
desirable in  that  it  was  not  centrally  located  for  view  by  the  instructor 
pilot. 
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(b)  The  free  air  temperature  gauge  was  located  in 
a position  that  made  it  difficult  to  read  from  bcth  student  and  instruc- 
tor pilot  stations. 

(c)  No  provisions  were  made  for  quick-disccnnect 
of  the  battery. 

(d)  Installed  =eat  belts  did  net  meet  military  speci- 
fications. 

(8)  Suitability  of  Internal  Lighting.  The  USAARU  evalu- 
ation (paragraph  A,  section  two)  is  summarized  as  follows:  "The  cock- 
pit and  instrument  panel  illumination  met  the  Model  Specifications.  " 

(9)  Suitability  of  External  Lighting. 

(a)  The  position  lights,  located  on  the  forward  cross 
tubes  of  the  landing  skids,  were  satisfactory. 

(b)  The  anti-collision  rotating  beacons  installed  on 
the  helicopter  were  satisfactory. 

(c)  The  larding  light  was  adjustable  from  the  ground 
and  was  satisfactory. 

(10)  Durability  and  Reliability.  Durability  and  reliabil- 
ity could  not  be  determined  within  the  relatively  short  test  time  speci- 
fied. 


(11)  Transport  ability.  The  helicopter  is  capable  of  being 
transported  by  C-123/C-130  type  aircraft  and  by  surface  transport. 

(12)  Noise  Level.  The  USAARU  evaluation  (paragraph 
A,  section  two)  is  summarized  as  follows:  ' Internal  and  external 
sound  pressure  levels  met  the  Statement  of  Requirement.  However, 
numerous  internal  measurements  exceeded  Military  Specifications  for 
acoustical  noise  levels  in  Army  aircraft.  " 

b.  Flight  Character istics.  The  helicopter  was  flown  at 
gross  weights  up  to  maximum  certificated  (2950  lb.  ).  The  following 
was  determined: 


(1)  Stability.  Stability  was  satisfactory.  Momentary 
"hands-off"  flight  was  possible  for  all  but  moderate-to-severe  turbu- 
lent conditions. 
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(2}  Controllability.  Controllability  was  satisfactory. 
Flight  characteristics  were  satisfactory  with  hydraulic  boost  turned  off. 

c.  Performance.  The  helicopter  was  flown  at  FAA- 
certificated  gross  weight  2950  pound-',  and  estimated  mission  operat- 
ing weight  (2715  pounds)  to  determine  whether  it  met  the  performance 
criteria  stated  in  the  Model  Specification.  The  following  was  deter- 
mined- 


«1)  The  helicopter  is  capable  of  cruising  at  65  knots 
true  airspeed  (TAS)  at  sea  level. 

(2)  Endurance  at  65  knots  (TAS)  was. 

(a)  3.  3 hours  at  2950  pounds  (maximum  gross 
weight)  at  4100  feet  de.osity  altitude. 


(b)  3.6  hours  at  2715  pounds  (mission  operating 
weight)  at  3800  feet  density  altitude. 


M 


\ 


(3)  Hover-out- of- gr ourd  effect  could  be  accomplished 
at  a density  altitude  of  4400  feet  which  is  equivalent  to  a pressure  alti- 
tude of  J 000  feet  with  an  ambient  temperature  of  1 l 0°F.  at  maximum 
gross  weight. 


<4.  The  rates  cf  climb  mder  ICAO  sea  level  standard 
day  corditicns  at  45  knots  (TAS)  were: 

(at  850  feet  per  minute  at  2950  pounds  (maximum 
gross  weight) 

(b)  1060  feet  per  minute  at  2715  pounds  (mission 
ope  r ati r g we  ight * 

The  Model  Specification  required  1000  i.p.  m.  under  these  conditions. 


,5)  The  autorotat .trial  performance  was  determined  at 
4400  feet  density  altitude  1000  feet  pressure  altitude.  1 1 0°F.  ) and  at 
a true  airspeed  of  40  krots  for  maximum  gross  weight  and  for  estimated 
mission  operating  weight.  Tested  under  these  conditions,  the  rates  of 
de scent  were : 
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(a)  1540  feet  per  minute  at  2950  pounds  (maximum 
gross  weight), 

(b)  1560  feet  per  minute  at  2715  pounds  (mission 
operating  weight). 

(6)  In  autorotation  under  those  conditions  (paragraph 
(5)  above)  the  helicopter  regained  normal  rotor  r.p.m.  following  a de- 
cay of  rotor  r.p.m.  to  the  lower  operating  limit  with  an  average  of  a 
190-foot  loss  of  altitude. 

(7)  The  helicopter  is  not  susceptible  to  ground  reson- 
ance. 

(8)  The  helicopter  was  capable  cf  landing  cross  slope 
on  15-degree  slopes  with  the  right  skid  up  slope.  With  the  left  skid  up 
slope,  there  was  insufficient  left  cyclic  control  for  a 15  -degree  cross- 
slope landing. 

d.  Mission  Suitability.  This  portion  of  the  test  was  con- 
ducted by  the  USAPHS.  Their  report  (paragraph  B,  section  two)  is 
summarized  as  follows: 

"The  PH-5  Helicopter  is  suitable  for  the  training  mission.  The  evalua- 
tion considered  the  areas  of  flight  controls,  stability,  power  reserve, 
autorotative  characteristics,  latitude  for  student  error,  training  endur- 
ance, location  of  controls,  and  ground  resonance.  In  each  of  these  areas, 
USAPHS  found  the  aircraft  acceptable  for  its  intended  mission.  " 

e.  Maintenance. 

(1)  During  the  evaluation,  the  helicopter  was  main- 
tained by  the  manufacturer's  representative,  with  military  personnel 
provided  for  servicing,  general  assistance,  and  maintenance  of  records. 
The  helicopter  required  only  organizational  maintenance.  Maintenance 
requirements  will  not  differ  from  those  of  Army  helicopters  presently 
in  the  Army  inventory. 

(2)  The  helicopter  was  easy  to  service  and  maintain. 

(3)  No  components  required  replacement  during  the 
evaluation. 
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•A)  Tools  and  ground  support  equipment  normally  found 
at  the  organizational  level  were  adequate  for  organizational  maintenance. 
Special  tools  are  required  for  higher  echelons  of  maintenance. 

2-  Evaluation  of  Manufacturers  Technical  Proposal.  The 
manufacturer's  technical  proposal  to  configure  the  test  helicopter  to 
meet  the  Model  Specification  was  reviewed  and  the  following  was  de- 
termined: 


a.  A combustion-type  heater  with  30,  000-B.t.u.  capacity 
was  provided. 

b.  Inertia  reels,  which  are  considered  necessary  for  the 
primary  helicopter  training  mission,  were  not  specified. 

c.  Floor-  and  cyclic -control-mounted  radio -interphone 
keying  switches  were  proposed  fc  r both  student  and  instructor  crew 
stations. 


d.  The  electronic  configuration  was  satisfactor  y. 

e.  Inverter  proposed  for  the  attitude  indicator  did  not  con- 
form to  appendix  I of  the  Model  Specification, 

f.  The  JSABAAR  evaluation  (paragraph  C,  section  two)  is 
summarized  as  follows- 

'The  evaluation  considered  the  categories  of  operational  safety, 
maintenance  safety,  and  crashworthiness.  In  the  categories  of  opera- 
tional safety  and  maintenance  safety,  USABAAR  found  the  aircraft  to 
be  acceptable  for  its  intended  mission. 

"However,  USABAAR  found  this  aircraft  unacceptable  in  the  crash- 
worthiness  category.  The  post-crash  fire  potential  of  this  aircraft 
appears  to  be  even  greater  than  that  of  other  'twin  saddle  fuel  tank' 
Company  B models.  " 

g.  The  USAAHuMRU  evaluation  (paragraph  D,  section  two) 
is  summarized  as  follows: 

Ihe  human  factors  design  of  the  PH-5  primary  training  helicopter 
was  found  to  be  adequate  for  mission  accomplishment  with  the  following 
exceptions: 
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"a.  Lack  cl  specification  of  a shoulder  harness  installation,  and 


"b.  An  arrangement  of  instruments  which  is  considered  below 
minimum  acceptable  standards.  " 

3.  Comparison  with  Model  Specification  and  Statement  of  Re- 
quirement. In  determining  whether  the  PH-5  met  the  requirements  of 
the  Model  Specification  and  Statement  of  Requirement,  the  characteris- 
tics of  the  helicopter  as  tested  and  an  evaluation  of  the  manufacturer's 
technical  proposal  were  considered. 


a.  Comparison  with  Model  Specification  as  Amended. 


Mod. 

Spec.  Model  Specification 

Para.  No.  as  Amended 


PH-5 

Meets 

Spec.  Remarks 


SCOPE. 

Scope.  This  detail  specifi- 
cation covers  the  essential 
requirements  for  the  design 
of  a single  engine  primary 
helicopter  trainer  capable 
of  performing  the  mission 
specified  in  1.2. 


1.1.1 


Designation  and  General 
Description. 

Army  Model  Designation  - 
Primary  Helicopter  Trainer 
(Army  Model  Number  not 
yet  assigned) 


Number  of  Crew  - 1 Pilot 


Number  of  Passengers  - 
1 Student 

Crew  and  Passenger  Seating 
Arrangement  - Side  by  Side 


Mod. 
Spec. 
Para.  No 


PH  - 5 
Meets 


Model  Specification 
as  Amended 


Flight  Controls  - Dual 


Main  Rotor  System  - Single 


Mission.  The  primary 
Army  mission  for  which 
this  helicopter  will  be  em- 
ployed is  training  of  mili- 
tary pilots  in  the  basic 
operation  and  performance 
of  a helicopter.  Training 
will  be  accomplished  under 
conditions  to  which  Visual 
Flight  Rules  apply. 


Certification 


The  helicop 
ter  will  have  a Part  6 stan 
dard  airworthiness  certifi- 
cate issued  by  the  Federal 
Aviation  Agency. 


Performance  information 


Those  items  of  performance 
stated  as  requirements  herein 
which  are  not  included  in  the 
FAA  approved  flight  manual 
are  subject  to  verification  by 
the  U.  S.  Army. 


APPLICABLE  DOCUMENTS 


The  documents  applicable  to 
this  specification  are  those 
necessary  to  fulfill  the  re- 
quirements of  paragraph 


Mod. 

PH-5 

Spec. 

Model  Specification 

Meets 

Para.  No. 

as  Amended 

Spec. 

Remarks 

1 . 3,  Federal  Aviation 
Agency  Certification. 

REQUIREMENTS. 

Basic  Weight.  The  basic 
weight  of  the  helicopter  will 
include  all  required  installed 
equipment  including  the  items 
of  Paragraphs  3.  7,  3.  8.  1 . 1 , 
3.  8.  1.2  and  the  Electronic 
Equipment  as  stated  in  Table 
E,  Appendix  I. 

Center  of  Gravity  Travel. 
Addition,  removal  or  relo- 
cation of  ballast  or  aircraft 
components  will  not  be  nec- 
essary in  order  to  maintain 
the  CG  within  CG  limits  due 
to  changes  in  loading  of  the 
helicopter  with  respect  to 
fuel,  pilot  and  student. 

Useful  Load.  The  useful 
load  of  the  helicopter  will 
be  sufficient  for  400  lbs.  in 
addition  to  the  fuel  and  oil 
necessary  to  accomplish  the 
2 1/2  hour  endurance  mis- 
sion specified  in  paragraph 
3.4.1. 


Required  Performance. 


3.4.  1 


ICAO  Sea  Level  Standard 
Day  Performance  {at  certi- 
ficated gross  weight). 
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Mod. 

Spec. 
Para.  No. 


Model  Specification 
as  Amended 

Cruise  Speed  (Minimum) 
65  knots 


PH- 5 

Meets 

Spec. 


Remarks 


3.  4.  3.  1 


Endurance  (Minimum)  - 
2 1/2  hours  at  65  knots 
cruise  speed 

Rate  of  Climb  (Minimum) 
1000  ft.  per  minute 


3.  4.  2 Hovering  Performance  Re- 

quirement. At  certificated 
gross  weight  the  aircraft 
shall  hover  out  of  ground 
effect  at  1000  ft.  at  110°F. 

3.4.  3 Autorotation  Characteristics. 

(at  certificated  gross  weight) 

3.4.  3.  1 Normal  Autorota.tion  Speed. 

The  manufacturer  will  desig- 
nate t speed  for  normal 
autorotation  not  to  exceed 
45  knots. 

3.4.  3.  2 Rate  of  Descent.  At  the 

speed  designated  in  3.  4.  3.  1 
the  helicopter  will  not  ex- 
ceed a stabilized  autorota- 
tion rate  of  descent  of  2200 
feet  per  minute  under  con- 
ditions of  1000  ft.  altitude 
and  110°F. 


At  maximum 
gross  weight, 
rate  of  climb 
was  850  f . p.  m.  , 
and  at  mission 
operating  weight 
rate  of  climb  was 
1 060  f . p.  m. 


^■1  ■ 
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Mod. 

Spec. 
Para.  No. 

3.4.  3.  3 


3.  5 
3.  5.  1 
3.  5.  1.  1 


3.  5.  1.  2 


Model  Specification 
as  Amended 

Rotor  R.P.M.  Decay.  In 
autorotation  at  the  speed  in 
3.4.  3.  1 and  conditions  of 
1000  it.  andllO°F.  , if  rotor 
R.  P.  M.  decays  to  the  lower 
R.  P.  M.  limit,  the  helicopter 
will  be  capable  of  regaining 
normal  operating  R.  P.  M. 

(as  specified  by  the  manufac- 
turer) and  with  ar.  altitude 
less  not  to  exceed  200  feet. 

Aircraft  Structur e . 

Landing  Gear. 

Type  Landing  Gear.  Skid 
type  landing  gear  w hich  will 
permit  running  take-offs 
and  landings. 

Slope  Landings.  The  land- 
ing gear  will  permit  cross 
slope  landings  on  slopes  of 
1 5°. 


PH-5 

Meets 

Spec. 

Yes 


Remarks 


Yes 


Yes 


Insufficient  cyclic 
control  for  left 
skid  up  slope. 


3.  5.  1 . 3 Ground  Handling.  Ground 

handling  wheels  are  re- 
quired. Weight  of  the 
ground  handling  wheel?  will 
not  be  included  in  the  weight 
empty  if  they  are  detachable. 


3.  5.  1 . 4 Hoisting,  Jacking  and  Moor- 

ing.  Provisions  will  be 
made  fer  hoisting,  jacking 
and  mooring. 

3.  5.  2 Main  Rotor  Blades. 


Yes 


Yes 


J 
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3.  5.  2 


Mod. 

PH-5 

Spec. 

Model  Specification 

Meets 

Para.  No. 

as  Amended 

Spec. 

Remarks 

3.  5.  2.  1 

B1 ide  irtencha ngeability. 
The  rtiiiri  rotor  blades  will 

Yes 

be  individually  inter  change  - 
a ble. 

3.  5.  3 

Control  Pedals.  Both  sets 
of  directional  control  pedals 
of  the  aircraft  will  be  adjust- 
able. 

Yes 

3.  5.  4 

Operating  Environment. 

3.5.4.  1 

Aircraft  Operation.  The 

Unde  - 

Temperatures  dur 

aircraft  will  be  Capable  of 

ter  - 

ing  test  ranged 

operating  in  temperatures 

mined 

from  75°F.  to 

from  0°F.  to  + 1 00°F. 

95  °F. 

3.  5.  4.  2 

Cabin  He, tug  The  aircraft 

L'nde- 

30,  000-B.  t.  u. 

'Acll  hnve  d he  1 1 . r.g  -y-tem 

ter  - 

combustion  heater 

which  pr<  vide-  a minimum 

mined 

was  proposed. 

of  50UF.  cabin  temperature 

Due  to  tempera- 

with  0C>F  cut-ide  air  tern 

ture  ranges,  this 

perature.  Thi-  condition 

test  could  not  be 

need  only  be  -afi-f.ted  with 
the  e^gi  .e  operating. 

conducted. 

3.  6 

Fuel  ard  Lubrn.arts.  The 
engine  will  operate  on  such 
fuel  and  lubricant-  vchich 

Yes 

are  now  established  a-  ?*an 
dard  by  the  U.  S.  Army 
(Ret  MIL  G 5572C  dated  12 
Jul  60  ft,  MIL  -L  22851  dated 
30  Jun  61  &!  Mi  L - L-  6082C 
dated  1 8 May  61 ). 

3.  7 

Instruments  and  Navigational 

Equipment  Flight  instru- 

Yes 

rner.ts  and  lights  for  day  and 

1 22 
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Mod. 

Spec. 
Para.  No. 


Model  Specification 
as  Amended 


PH-5 

Meets 

Spec. 


Remarks 


night  VFR  conditions  shall 
be  furnished  and  installed 
by  the  contractor. 

An  attitude  indicator  shall  Yes 

be  provided  as  part  of  the 
basic  aircraft  instrumenta- 
tion. 

3. 8 Electrical . 

3.8.1  Lighting. 

3.  8.  1.1  Anti- Collision  Light.  The  Yes 

aircraft  will  have  an  anti- 
collision light.  The  light 
will  be  located  to  prevent 
reflection  into  the  cockpit. 

3.8.  1.2  Landing  Light(s).  The  air-  Yes 

craft  will  be  equipped  with 
landing  light(s)  which  will 
be  adjustable.  The  landing 
light  switch  will  be  located 
on  the  pilot's  cyclic  or 
collective  control. 

3.8.2  Power  Receptacle.  The  air-  Yes 

craft  wiLl  be  equipped  with  an 
external  power  receptacle 

of  an  AN  or  AMS  standard 
design. 

3,  8.  3 Switches  and  Auxiliary  Con- 
trols. All  switches  and  Yes 

auxiliary  controls  necessary 
for  flight  and  navigation  will 
be  accessible  and  within 
reach  of  the  student  pilot 


i 


ICS  - C - 1 b 1 1 , ^ ea.  Yes  GFE 

Miscellarve  ou  s . 


Antenna  - AT-450/ARC,  Yes  GFE 

1 ea. 

< 


Mod. 

Spec. 
Para.  No. 


Model  Specification 
as  Amended 


PH-5 

Meets 

Spec. 


Remarks 


Inverter  (If  required  either 
inverter  listed  will  be  a 
suitable  substitute  for  stan- 
dard equipment. ) - Leland 
MIL-E-93-200  or  Bendix 
328-172-1,  1 ea. 


Static  inverter 
proposed. 


b.  Comparison  with  Statement  of  Requirement.  A com- 
parison with  the  Statement  of  Requirement  (reference  4)  excluding  those 
requirements  covered  by  the  Model  Specification  follows: 


Requirement 


PH-5  Meets 
Requirement 


Remarks 


It  is  desired  that  the  external 
dimensions  of  the  helicopter, 
less  rotor,  not  exceed  8 feet  in 
height,  23  feet  in  length,  and  7 
feet  in  width. 


Helicopter  height 
was  9.  3 feet,  length 
was  43.  25  feet,  and 
width  was  7.  5 feet. 


With  full  cyclic  movement,  the 
rotor  blade  tip  clearance  above 
the  ground  level  should  not  be 
less  than  6 feet  with  rotors 
turning. 


A minimum  rotor  diameter  con- 
sistent with  good  autorotative 
characteristics  is  desired. 

Structure  and  Design 


With  cyclic  cen- 
tered and  normal 
rotor  r . p.  m.  , 
ground- to -main- 
clearance  was 
satisfactory. 


The  following  will  be  required. 
Main  rotor  blades  which  are  in- 
terchangeable, without  retrack- 
ing desirable. 
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PH-1  Meets 

Requirement  Remarks 


Requirement 


If  more  than  two  main  rotor 
blades,  provisions  should  be 
provided  for  simple  expeditious 
folding  and  unfolding. 


It  shrill  be  free  from,  ground 
resonance. 


Electrical 


The  following  are  required. 
Lighting1,  adequate  position, 
cockpit,  anti- collision  and  land 
ing  lights  for  night  flight. 
Position  and  anti- collision 
lights  to  be  positioned  to  pre- 
vent reflection  into  cockpit; 
landing  light  to  be  adjustable. 


Durability  and  Reli ability 


Engine  and  dynamic  components 
should  nc  t be  materially  affected 
by  dust,  sand,  moisture,  etc.  , 
encountered  in  operation  from 
unprepared  areas. 


Undetermined 


The  lowest  possible  noise  level 
is  desired  without  use  of  a com- 
plex or  elaborate  muffler  system 
or  extension  or  heavy  insulation. 


Exceeded  MIL-A 
8806  in  all  areas 
(paragraph  A, 
section  two). 


Personnel  Considerations 


No  new  personnel  skills  will  be 
required. 


Due  to  similarity  of 
the  helicopter  to 
other  helicopters  in 
the  Army  inventory, 


Requirement 


PH-5  Meets 

Requirement  Remarks 


no  new  skills  will 
be  required. 

Training  Considerations 

No  new  training  requirements  Yes  No  new  training  re- 
will be  generated.  quirements  for  tech- 

nical service  schools 
are  required. 

No  supporting  training  devices  Yes 

other  than  those  on  hand  at  the 
US  Army  training  base  are  re- 
quired. 

D.  Deficiencies  and  Shortcomings. 

1.  The  following  deficiencies  were  noted  during  the  conduct  of 
test: 


Deficiency 

a.  Seat  belts  did  not  meet  the 
military  specification. 

b.  Shoulder  harnesses  and  iner- 
tia reels  were  not  provided. 

c.  Rate  of  climb  did  not  meet 
the  Model  Specification  for  maxi- 
mum gross  weight. 


Suggested  Corrective  Action 

Provide  seat  belts  designed  in 
accordance  with  the  military 
specification. 

Provide  shoulder  harnesses  and 
inertia  reels  that  meet  the  mili- 
tary specification. 

Increase  power  available. 


d.  Crashworthiness  was  unsatis-  Reduce  post-crash  fire  potential, 
factory. 


2.  The  following  shortcomings  were  noted  during  conduct  of 
test: 
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Shortcomings 

a.  Location  of  magnetic  compass 
was  unsatisfactory. 

b.  Location  of  free  air  tempera  - 
ture gauge  was  unsatisfactory. 

c.  No  provisions  were  made  for 
quick  disconnect  of  the  battery. 

d.  Ignition  switch  was  located 
so  that  it  was  susceptible  tc 
accidental  activation. 

e.  Location  of  exhaust  gas  out- 
let and  supercharger  housing 
creates  a danger  of  fire  when 
operating  in  grassy  areas. 

f.  Fuel  - selector  valve  control 
connection  located  in  tail  boom 
behind  the  eng.ne  was  susceptible 
to  damage. 

g.  Magnetic  chip  detectors  were 
not  installed  in  the  engine  and 
transmission  oil  sumps. 

h.  Inverter  proposed  for  atti- 
tude indicator  did  not  conform  to 
Me  del  Specification. 

l.  Heater  operation  was  pro- 
hibited at  airspeeds  under  10 

m . p . h . 


Suggested  Corrective  Action 

Relocate  for  easy  reference  by 
both  student  and  instructor. 

Relocate  for  easy  reference  by 
both  student  and  instructor. 

Provide  quick  disconnect  for 
battery. 

Provide  protective  shield  for 
ignition  switch. 

Reduce  danger  of  fire  from  ex- 
haust gas  outlet  and  supercharger 
housing. 

Relocate  fuel-selector  valve  con- 
trol connection  to  a position  less 
-urceptible  to  damage. 

Provide  magnetic  chip  detectors. 


Provide  inverter  which  meets 
the  Model  Specification. 

Provide  a heater  capable  of 
operation  on  the  ground  and  at 
airspeeds  under  10  m.  p.  h. 


UBE  ONLY 
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SECTION  TWO 


Reports  from  Other  Agencies  on  the  PH-5 


US  Army  Aeromedical  Research  Unit 


US  Army  Primary  Helicopter  School 


US  Army  Board  for  Aviation  Accident  Research  147 


US  Army  Aviation  Human  Research  Unit 


PARAGRAPH  A 


Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 

USAARU-FO  29  July  1963 

NOISE  EVALUATION  OF  THE  PH -5 


1.  Methods  and  Equipment. 

a.  Due  to  the  number  of  aircraft  to  be  tested  and  the  short  time 
available  for  testing,  the  noise  analysis  was  limited  to  the  following: 

"A"  24-55  db:  sound  level  for  speech  interference. 

"B"  55-85  db:  sound  level  for  noise  survey. 

"C"  85-140  db:  sound  pressure  level,  over-all  frequency 
response . 

b.  A Sound-Level-Meter,  General  Radio,  type  1551-C,  was 
used  for  the  noise  measurement. 


c.  The  test  area,  located  at  County  Line  Strip,  is  a pre- 
marked circle  with  a radius  of  50  feet  divided  into  30°  segments. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 


Normal  cruise 
Maximum  cruise 


Doors  On 

103 

104 


Doors  Off 

113 

116 


MIL- A-8806 

106 

113 


a.  Operation  of  this  helicopter  at  maximum  cruise  with  the  doors 
off  produced  an  excessive  sound  pressure  level  of  116  decibels.  Varia- 
tion of  airspeed  and  relative  wind  direction  demonstrated  the  fact  that 
straight  and  level  flight  at  speeds  of  7 5 to  85  mph  produced  sufficient 
wind  buffeting  in  the  cockpit  to  record  a decibel  range  of  116  to  120, 
which  exceeds  Table  I MIL-A-8806. 


> 
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b.  Normal  cruise  with  the  doors  off  produced  113  decibels 
which  exceeds  Table  IV  MIL-  A-8806 . 

c.  There  are  no  military  specifications  for  external  noise. 
Raw  data  is  included  for  comparison  purposes  only 

4 Summary.  Improvements  should  be  made  to  reduce  noise 
levels  to  meet  military  specifications  (MIL-A- 8806) . 


1 Incl 
as 


/ s / William  C.  Thrasher 
/t/  WILLIAM  C.  THRASHER 
2/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 


NOISE  LEVEL  ME ASUREMENTS-OGTAVE  BAND  ANALYSIS 
DATA  COLLECTION  SHEET 


Analyzed  by  Lt.  Thrasher 
PH-5 

DOCRS-ON  A ] 


Ground  idle 


Hover 


A 

B 

C 

85 

mm 

92 

95 

100 

93 

97 

101 

94 

98 

103 

94 

97 

104 

Date  16  July  1963 


Lnstruc-  Air  Mani- 
Center  tor  Speed  fold  RPM  Radius 


12.5" 

1700 

24" 

3200 

28" 

3200 

26" 

3100 

27.  2" 

3200 

Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 


USAARU-FO 


29  July  1963 


LIGHT  EVALUATION  OF  THE  PH-5 


1.  Methods  and  Equipment. 

The  evaluation  consisted  of  in-flight  analysis  of  the  aircraft's 
lighting  system  under  night  conditions.  Criteria  for  this  evaluation 
were  derived  from  U.S.  Navy  Specifications  governing  cockpit  and 
instrument  panel  illumination  modified  to  meet  Army  requirements. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Instrument  panel  light  reflections  on  the  bubble  are  apparent 
when  the  lights  are  adjusted  to  the  highest  setting.  With  proper  adjust- 
ment, all  reflections  from  the  instrument  panel  are  eliminated. 

b.  During  the  twilight  hours  reflections  from  the  light  colored 
interior  accessories  were  noted  on  the  lower  portions  of  the  bubble. 

c.  The  intensity  of  the  auxiliary  light  or  map  light  may  be 
adjusted  by  rheostat  and  a lens  selector  gives  the  light  the  capability 
of  white  or  standard  red  illumination. 

4.  Summary.  The  cockpit  and  instrument  panel  illumination  of 
this  aircraft  is  adequate  for  a primary  trainer  capable  of  performing 
night  training  missions. 


/s/  William  C.  Thrasher 

1 Incl  ft/  WILLIAM  C.  THRASHER 

as  2/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 


Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


f: 


COCKPIT  LIGHT  STUDY 
PH- 5 


1.  Are  all  instruments  adequately  illuminated? t e s . 

2.  Are  they  illuminated  uniformly?  Yes  Is  there  sufficient  intensity? 

Yes 

3.  Is  illumination  controllable  to  very  low  intensities?  Yes  (Rheostat) 

4.  Are  markings  of  instruments  readable0  Yes 

5.  Are  all  controls,  instructions,  and  nameplates  adequately  illuminated? 

Yes 

6.  Are  they  illuminated  uniformly?  Yes  Is  there  sufficient  intensity?  Yes 

7.  Is  illumination  controllable  to  very  low  intensities?  Yes 

8.  Are  markings  on  controls,  instructions  and  nameplates  readable?  Yes 

9.  Is  the  intensity  of  lighting  for  some  instruments  and  controls  controlled 
separately?  No 

10.  Is  an  auxiliary  light  provided  j Yes  Is  light  standard  red?  Yes 

11.  Is  the  power  source  independent  of  normal  lighting  circuit?  Yes 

12.  Are  there  any  sources  of  light  which  give  other  than  standard  red  light? 

Yes  (Note  para  3c' 

13.  Are  there  any  reflections  in  the  windshield,  windows,  canopy  or  other 
reflecting  surfaces  which  interfere  with  visibility  inside  or  outside  the 
cockpit?  Yes  (see  para  3a  6;  b) 

14.  Is  there  light  leakage  into  the  cockpit  from  other  compartments?  N/A 
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5.  Are  spare  lamps  provided  in  suificient  quantity  and  easily  accessible? 
No 


Ar>-  all  instruments 
readable  in  daylight 


inst  rue  tion 


Can  warning  and  caution  lights  be  dimmed  sufficiently  for  night  opera 
tions?  Yes 


Are  warning  and  caution  lights  of  sufficient  intensity  for  daylight  use? 
Yes 


Are  warning  and  caution  lights  on  the  main  dimming  circuit?  No 


s there  adequate  general  illumination  for  the  compartment?  Yes 


is  exterior  lighting  provided  m accordance  with  FAA?  Yes 


mmm 

-'3-T^rg 


Aviation  Field  Operations  Du  ision 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker  Alabama  36362 


USAARU-FO 


29  July  1963 


REPORT  ON  PH-5  MODEL 


1.  Method  of  Testing. 

a.  The  heating  and  ventilation  evaluation  of  the.  PH-5  Model 
consisted  of  comparisons  of  outside  air  temperature  and  cockpit  air 
temperature  with  the  aircraft  under  all  operating  conditions.  In  con- 
junction with  these  checks,  a carbon  monoxide  test  was  also  made. 

b.  Equipment  consisted  of: 

(1)  Weston  Aneroid  Themometer  Model  2291. 

(2)  Mine  Safety  Appliance  Company  Carbon  Monoxide  Tester, 
Category  No.  DS-47133. 

2.  Results.  'See  Annex  A 

3.  Discussion: 

a.  The  recommended  maximum  temperatures  for  clothed  men 
not  especially  acclimatized  are  as  follows: 


(1)  Resting  in  still  air  - 88°F 

(2)  Resting,  with  some  air  movement  170  FPM  air  velocity)- 

93°F 

(3)  Moderate  work,  still  air-  7 8°F. 

Reference:  Patty,  P'rank  A.  , Industrial  Hygiene  & Toxicology  (2d  ed.  , 

Vol.  1;  New  York:  Interscience  Publishers  Inc.,  1958). 


b.  The  PH-5  Monel  while  operating  with  existing  outside  air 
temperatures  in  the  90°F  range  meets  the  above  listed  requirements. 
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The  largest  percentage  of  carbon  monoxide,  0 02%, was 
found  with  this  aircraft  at  a ho-.  > r with  the  doors  on,  windows  closed, 
vents  open  Maximum  allowable  concentration  in  a cockpit  is  0.005% 
•'50  ppm'! 

Reference:  Air  Force  Manual  N’o.  lb  1-1  Flight  Surgeon  s Manual, 

Department  of  the  Air  Force 

d Although  thi-  inside  rably  higher  than  the.  maximum 
allowable  CO  concentratio  it  would  take  approximately  80  minutes 
to  develop  a blood  concentration  ol  10%  CO,  which  is.  considered  to  be 
the  upper  limits  (The->e  factors  would  not  be  constant  -different 
weather  condition-  i e , wind  etc  , would  prevent  maximum  con- 
centrations for  extended  period-  of  time)  Approaching  25-30%, 
definite  changes  can  occur  whnh  impair  function. 

Reference-  Forbes,  W H , Sugint  F , and  Roughton,  F.  J , "The 
Rate  of  Carbon  Monoxide  Uptake  by  Normal  Man  ' American  Journal 
of  Physiology  143:594,  1945 

e.  A heater  was  not  installed  on  this  aircraft. 


I 


1 incl 
aa 


/s/  J ( Rothwell 
/ 1 / J.  C.  ROTHWLLL 
Captain  MSC 

As-  t ( hief,  A-  n Fid  Opns  Div 
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PARAGRAPH  B 


HEADQUARTERS 

UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 
Fort  Wolters,  Mineral  Wells,  Texas 


AKPWO-HS  27  August  1963 

SUBJECT:  Evaluation  of  Mission  Suitability  of  the  Primary  Helicopter 
Trainer  {Off- the -Shelf)  USATECOM  Project  No.  4-3-1000- 
01  -A 


TO:  President 

US  Army  Aviation  Test  Board 
Fort  Rucker,  Alabama 


Attached  hereto  are  reports  of  evaluation  of  mission  suitability  for 
the  PH-1,  PH-4,  and  PH-5  Helicopters. 


/s/  J.  E.  Gonseth  Jr 

3 Incl  / 1/  J.  E.  GONSETH  JR 

1.  PH-1  Colonel,  Signal  Corps 

2.  PH-4  Commandant 

3.  PH-5 
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£'.  ALUATiON  OF  MISSION  SUITABILITY 
OF  TH E PH -5  HELICOPTER 

AS  CONDUCTED  BY  THE  US  ARMY  PRIMARY  HELICOPTER  SCHOOL 


1-  Scope  Experienced  primary  flight  instructors  from  the  US  Army 
Primary  Helicopter  School  conducted  primary  flight  training  with  qualified 
student  officers  with  no  previous  flight  experience  and  transition  training 
for  rated  Army  aviators  with  varied  experience  m observation  helicopters 
The  helicopter  was  repeatedly  flown  through  typical  training  missions 
with  the  students  being  required  to  perform  maneuvers  included  in  the 
approved  flight  syllabus  of  the  US  Army  Primary  Helicopter  School, 

Fort  Wolters,  Texas. 

2 F mdmgs . 

a-  Hovering . The  helicopter  is  difficult  to  hold  at  a constant 
altitude,  between  six  inches  (6")  to  six  feet  (6')  above  the  ground.  Con- 
stant changer-  in  collective  pitch  application  are.  necessary  in  order  to 
maintain  the  selected  ho  er  altitude.  Delay  in  reaction  to  pitch  changes 
causes  an  overshoot  in  pitch  response,  and  power  control  movements, 
which  could  result  in  a possible  engine  overboost  condition. 

b.  Normal  Takeoff  and  Normal  Approach  Stability  and  power 
reserve  on  takeoff  and  approaches  are  excellent  with  the  exception  that 
utilization  of  the  available  power  on  approach  termination  requires  prior 
planning  in  order  to  avoid  engine  ove.rboost 

c Maximum  Performance  Takeoff  anc  Steep  Approach.  The 
utilization  of  available  power  on  maximum  performance  takeoff  and 
approach  termination  require  prior  planning  in  order  to  avoid  an  engine 
overboost  condition. 

d-  Running  T ake.off  and  Landing  The  helicopter  performed 
this  maneuver  in  an  acceptable  manner 

e Hovering  Autorotations  The  helicopter  performed  this 
maneuver  in  an  acceptable,  manner 

f-  Autorotations . The  helicopter  performed  this  maneuver 
in  an  acceptable  manner  with  the  exception  that  executing  a power 


Inc  l 3 
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recovery  at  fifty  feet  or  below  is  marginal  in  that  difficulty  is  ex- 
perienced in  maintaining  proper  r.p.m.  and  checking  rate  of  descent 
without  experiencing  an  engine  overboost. 


! 


g.  Simulated  Forced  Landings.  The  helicopter  performed  this 
maneuver  in  an  acceptable  manner  with  the  exception  that  executing  a 
power  recovery  at  fifty  feet  or  below  is  marginal  in  that  difficulty  is 
experienced  in  maintaining  proper  engine  r.p.m.  and  checking  rate  of 
descent  without  experiencing  an  engine  overboost. 

h.  Decelerations.  The  helicopter  performed  this  maneuver  in 
an  acceptable  manner. 

i.  Simulated  Anti- torque  Control  Failure.  The  helicopter  per- 
formed this  maneuver  in  an  acceptable  manner. 

3.  Comparison  with  Criteria  for  Evaluation  of  Mission  Suitability 
of  "Off  the  Shelf"  Primary  Helicopter  Trainers.  A comparison  of  the 
characteristics  of  the  helicopter  with  the  Criteria  for  Evaluation 
follows: 


Criteria  for  Evaluation 


Helicopter 

Meets  Criteria  Remarks 


Flight  Controls:  (Cyclic,  collec-  YES 

tive,  and  anti-torque):  Must  have 
a rapid  and  positive  response  with 
no  tendency  to  overshoot  in  re- 
sponse to  corrections  in  powered 
and  non- powered  flight  due  to  the 
general  inability  of  the  student 
pilot  to  treat  any  aircraft  with  the 
same  finesse  arid  care  of  a 
seasoned  pilot. 


The  PH-5  helicop- 
ter meets  the  flight 
control  criteria 
with  the  exception 
of  the  collective 
pitch  application  in 
hovering  flight. 

See  par  2a. 


Stability:  Inherent  stability  in  the  YES 

vertical,  longitudinal  and  ls.teral 
axis  that  will  absorb  power 
changes  (Power  to  non-power 
and  non- power  to  power,  inten- 
tional/inadvertent) with  mini- 
mum corrective  action  required 
to  regain  positive  control. 
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Criteria  for  Evaluation 

Power  Reserve:  Provide  an 
adequate  power  reserve  that 
will  allow  the  instructor  pilot 
to  contain  or  recover  from 
unusual  situations  induced  by 
student  errors. 


Helicopter 
Meets  Criteria 


Autorotative  Characteristics: 
Rotor  mass  and  inertia  ade- 
quate to  allow  for  student 
error  in  autorotative  landings. 

Latitude  for  Student  Error: 
Inherent  flighi.  characteristics 
that  will  allow  a student  to 
make  an  identifiable  error  and 
still  have  sufficient  latitude  for 
the  student  pilot  and/or  instruc- 
tor pilot  to  make  a recovery. 

No  preflight  or  starting  techr 
niques  that  would  demand  de- 
tailed procedure  or  unusual 
knowledge  on  the  part  of  the 
student  and  instructor  pilot. 

Training  Endurance  Considera- 
tions: Adequate  ventilation, 
heating  and  defrosting  equipment. 
Ample  shoulder  room  between 
instructor  pilot  and  student  and 
between  collective  and  the  door. 
Comfortable  seat  cushions  to 
all  ow  four  hours  of  flight  with- 
out undue  fatigue. 

Locations  of  Controls:  Trim  con- 
trols if  required  on  each  cyclic 


Remarks 

The  PH-5  meets 
the  power  reserve 
criteria;  however, 
a turbo  super- 
charged engine  is 
undesirable  for  use 
on  a Primary  Heli- 
copter Trainer,  See 
par  2a,  b,  c,  f,  and 
g- 
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Helicopter 

Criteria  for  Evaluation  Meets  Criteria 

stick.  Any  control  locking 
or  safety  devices  in  sight 
and  reach  of  the  instructor 
pilot. 

Ground  Resonance:  Must  be  YES 

free  from  ground  resonance. 

4.  Conclusion:  The  PH-5  is  suitable  for  use  as 
copter  Trainer. 


Remarks 


Primary  Heli- 
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PARAGRAPH  C 


HEADQUARTERS 
DEPARTMENT  OF  THE  ARMY 

Office  of  the  Assistant  Chief  of  Staff  for  Force  Development 
Board  for  Aviation  Accident  Research 
Fort  Rucker,  Alabama 


BAAR-P  6 September  1963 

SUBJECT:  Summary  of  USABAAR's  Evaluation  of  PH-5 
Off-the-Shelf  Primary  Helicopter  Trainer 


TO:  President 

U.  S.  Army  Aviation  Test  Board 
ATTN:  Off-the-Shelf  Project  Officer 
Fort  Rucker,  Alabama 

1 The  following  is  USABAAR's  Evaluation  of  the  PH-5  entry  for 
the  off-the-shelf  primary  helicopter  trainer  competition.  The  evalua- 
tion considered  the  categories  of  aviation  safety  and  accident  preven- 
tion in  three  primary  categories.  In  each  of  these  categories,  USABAAR 
found  the  aircraft  to  be  acceptable  for  its  intended  mission.  However, 
there  are  certain  deficiencies  which  will  detract  from  it  mission  capa- 
bility and  should  be  considered  by  those  responsible  for  selecting  the 
winner  of  the  competition.  Categories  considered  are: 

a.  Operational  Safety:  This  category  considers  those  features 
of  the  aircraft  and  its  operating  characteristics  that  are  considered  to 
be  conducive  to  accident  causation  and  which  may  detract  from  the 
operator's  ability  to  maintain  safe  flight  at  all  times. 


b.  Maintenance  Safety:  This  category  considers  maintenance 

design  features  of  the  aircraft  contributing  to  accident  causation.  It 
includes  those  features  of  '‘Murphy's  Law,  " ease  of  inspection,  accessi- 
bility for  component  replacement,  the  preflight  inspections  imposed 
on  the  operator,  etc. 


c.  Crashworthiness:  This  category  considers  design  features 

of  the  aircraft  that,  in  the  event  of  a crash,  provide  protection  to  the 
occupants  from  injury.  It  also  includes  features  of  crash-fire,  worthiness. 


i • 
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BAAR-P  f>  September  1963 

SUBJECT:  Summary  of  USABAAR's  Evaluation  of  PH-5 
Off-the-Shelf  Primary  Helicopter  Trainer 

2.  Evaluation  comments  are  as  follows: 


a.  Operational  Safety: 


(1)  The  location  of  the  engine  supercharger  housing  and 
exhaust  gases  outlets  are  such  that  grass  fires  are  a danger  when 
operating  in  such  areas. 

(2)  Vibrations  at  70  MPH  indicated  airspeed  and  at  or 
near  gross  loads,  causes  some  difficulty  in  reading  the  instruments. 
When  the  airspeed  is  reduced  to  60  MPH,  read-out  of  the  instruments 
improves  . 

(3)  Rate  of  climb  is  very  slow  at  maximum  manifold 
pressure  and  RPM. 

(4)  The  hydraulic  boost  control  switch  is  located  in  the 
lower  portion  of  the  pedestal  which  makes  it  difficult  to  reach  in  the 
event  of  a failure  in  this  system.  A failure  during  nap-of-the-earth 
flying  or  at  a hover  requires  the  pilot  to  release  the  collective  pitch 
control  to  activate  this  switch.  USABAAR  has  on  record  two  OH-13 
accidents  in  which  the  hydraulic  boost  control  failed  during  hovering 
and  the  pilot  was  unable  or  did  not  desire  to  release  his  control  to 
shut  the  system  off. 

b.  Maintenance  Safety: 


The  fuel  selector  valve  control  connection  located  in  the 
tail  boom  area,  aft  of  the  engine,  can  be  damaged  or  malaligned 
quite  easily  when  climbing  the  boom  for  rotor  mast  inspection. 

c .  Crashworthiness: 

(1)  The  post-crash  fire  potential  of  this  aircraft  appears 
to  be  even  greater  than  that  of  other  twin  tank  Company  C models.  In- 
creased fuel  capacity,  outboard  location  of  the  fuel  tanks  and  extra 
ignition  surface  provided  by  the  supercharger  add  to  the  potential. 
USABAAR  considers  this  aircraft  unacceptable  in  the  crashworthiness 
category  because  of  this. 


BAAR-P  6 September  19&3 

SUBJECT:  Summary  of  USABAAR's  Evaluation  of  PH-5 
Off-the-Shelf  Primary  Helicopter  Trainer 


(2)  The  energy  absorption  qualities  of  the  seat  cushions  in 
this  aircraft  are  inferior  to  those  used  in  other  Army  aircraft. 


(31  No  inertia  reel  is  provided  for  shoulder  harnesses  in 
the  manufacturer’s  proposal. 


3.  The  following  features  are  recognized  as  desirable  and  con- 
sidered worthy  of  mention: 


a . Night  lighting  was  found  to  be  very  good.  No  reflections 
were  caused  in  the  bubble  from  either  the  anti-collision  lights,  navi- 
gation lights,  or  instrument  panel  lights.  The  tinted  bubble  affords 
ease  of  eye  strain  during  day  and  night  operation. 


b.  Due  to  the  high  inertia  main  rotor  blades,  the  aircraft 
is  extremely  easy  to  autorotate. 


c.  The  stability  of  this  aircraft  is  such  that  the  aircraft  can 
be  flown  hands-off  for  periods  of  15  - 30  seconds. 


PARAGRAPH  D 


U.  S.  ARMY  AVIATION  HUMAN  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


11  September  1963 

Human  Factors  Evaluation  of  PH-5  Primary  Trainer 

1.  Summary 

1.  1 The  human  factors  design  of  the  PH-5  primary  training  heli- 
copter was  found  to  be  adequate  for  mission  accomplishment  with  the 
following  exceptions. 

a.  Lack  of  a specification  of  a shoulder  harness  installation, 
and 

b.  an  arrangement  of  instruments  which  is  considered  below 
minimum  acceptable  standards. 

2 . Detailed  Considerations 

2.  1 Shoulder  harness  installations  for  instructor  and  student  were 
not  specified.  This  is  probably  an  oversight  but  as  the  proposal  stands 
it  is  considered  a deficiency. 

2 2 The  proposed  instrument  arrangement  is  regarded  as  below 
minimum  acceptable  standards  for  a primary  trainer. 

2.2  1 The.  arrangement  proposed  indicates  little  if  any 
consideration  was  given  to  the  instrument  scanning  required  of  the 
student  or  instructor.  The.  attitude  indicator  is  located  on  the  upper 
right  side  of  the  panel  away  from  other  flight  instruments  The  basic 
group  of  airspeed,  altitude,  rotor-engine  RPM,  and  manifold  pressure 
is  located  below  a group  of  flight  irrelevant  instruments  which  are 
placed  adjacent  to  the  attitude  indicator,  and  the  heading  indicator  is 
mounted  on  the  left  door  frame  completely  away  from  other  instruments. 
Secondary  indicators  and  controls  such  as  radio,  ICS,  and  ignition 
switches  are  placed  in  primary  panel  space  rather  than  using  this 
space  for  essential  light  instruments.  At  a minimum  the  attitude 
indicator  should  be  placed  adjacent  to  the  flight  indicator  group.  Provid- 
ing a heading  indicator  on  or  adjacent  to  the  instrument  console  is  con- 


considered  highly  desirable.  The  instrument  panel  should  be  redesigned 
in  accordance  with  the  Army  basic  "T"  instrument  arrangement  in 
primary  panel  space. 


/ s / Robert  H.  Wright,  Ph.  D. 

/t/  ROBERT  H.  WRIGHT,  Ph.  D 
Research  Scientist 
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UNIT  D - COMPANY  C MODEL  PH-6 


SECTION  ONE 
USAAVNTBD REPORT 


A.  Description  of  Materiel. 


1.  The  PH-6  is  a single-engine,  three-place,  side-by-side, 
two-bladed  single  mam  rotor  and  tail  rot.or  type  helicopter.  Power  is 
supplied  by  VO-435-AJD  vertically-mounted  six-cylinder,  opposed  type 
air-cooled  engine  which  provides  maximum  rated  power  at  sea  level  of 
240  b.hp.  at  3200  r.  p.m.  Engine  power  is  transmitted  to  the  rotors 
through  a double  planetary  reduction  transmission.  The  main  rotor  mast 
assembly  is  set  into  the  transmission,  which  is  bolted  to  the  engine,  mak- 
ing the  complete  assembly  one  rigid  unit.  Takeoff  shaft  connections  ex- 
tend from  the  transmission  to  drive  the  tail  (antitorque)  rotor. 

2.  Flight  controls  consist  of  cyclic  stick,  collective  pitch  stick, 
and  antitorque  pedals.  The  cyclic  control  is  power  boosted  with  hydraulic 
cylinders  which  have  lock  and  load  limiting  features. 

3.  The  main  rotor  system  consists  of  a two-bladed  teetering 
rotor,  blade  grips,  hub,  and  stabilizer  bar.  The  all-metal  blades  are 
approximately  two  feet  longer  than  previous  models  and  provide  18  per- 
cent higher  rotor  inertia.  A two-bladed,  all-metal,  antitorque  tail  rotor 
mounted  on  a delta  hinge  provides  directional  control. 

4.  The  helicopter  center  body  section  and  tail  boom  are  of  a 
welded  tubular  steel  construction.  The  cockpit  enclosure  consists  of  a 
transparent,  tinted,  Plexiglas  bubble.  The  internal  width  is  5 feet  wh;eh 
allows  sufficient  space  for  the  three-place  seating.  The  cockpit  door 
incorporates  sliding  windows  with  air  deflectors  for  improved  ventilation. 
Additional  air  circulation  is  provided  by  individually  positioned  soft 
rubber  fans  located  on  the  left  and  right  side  of  the  center  pedestal. 

5.  General  dimensions  of  the  helicopter  submitted  for  test 
are  Listed  below: 


a.  Overall  height 

9 feet  4 inches 

b.  Ove.rall  length  (main 

43  feet  3 incl.e 

rotor  tip  to  tail  rotor 

tip) 
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Main  rotor  diameter 


37  f eet  2 inches 


d.  Fuselage  width 

e.  Skid  gear  tread 


5 f eet  5 inche  s 
7 f eet  6 inche s 


Scope  of  Test.  The  test  was  conducted  in  the  vicinity  of  Fort 
Rucker,  Alabama,  by  USAAVNTBD  project  officers  and  USAPHS  in- 
structor personnel.  The  t ests  consisted  of  three  phases:  a 60-flying- 

hour  test;  a study  of  the  manufacturer's  technical  proposals  which  des- 
cribed changes  to  configure  the  test  helicopter  to  meet  the  stated  require- 
ments; and  a comparison  of  the  helicopter  with  Model  Specification  and 
the  Statement  of  Requirement.  In  addition,  the  US  Army  Board  for 
Aviation  Accident  Research  (USABAAR)  evaluated  the  aviation  safety 
aspect;  the  US  Army  Aviation  Human  Research  Unit  (USAAHUMRU) 
evaluated  the  human  factors  aspect;  and  the  US  Army  Aeromtdical 
Research  Unit  (USAARU)  evaluated  noise  level,  internal  lighting,  and 
heating  and  ventilation. 

C . T 3 st  s • 

1.  Evaluation  of  Physical  and  Flight  Characteristics,  Per- 
formance,  Mission  Suitability,  and  Maintenance. 

a.  Physical  Characteristics . 

( 1)  Basic  and  Operating  Weights.  The  helicopter  was 
weighed  as  delivered  with  oil  and  trapped  (unusable)  fuel.  To  this  weight 
(1789  pounds),  the  weight  of  electronic  and  auxiliary  equipment  required 
for  Army  use  (132  pounds)  was  added,  and  the  weight  of  currently  installed 
equipment  not  required  for  Army  use  (73  pounds)  was  subtracted,  re- 
sulting in  a total  estimated  basic  weight  of  1848  pounds.  The  estimated 
mission  operating  weight  was  then  computed  by  adding  to  the  estimated 
basic  weight  the  weight  of  fuel  (342  pounds)  and  400  pounds  (instructor 
and  student).  Details  follow: 


EMPTY  WEIGHT  as  weighed  (less 
ground -hand ling  wheels) 

Weight  of  required  equipment  to  be  added: 

Shoulder  harness  and  inertia  reel 
(2  ea. ) 


1789  lb. 


First-aid  kit  and  fire  extinguisher 
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AN/ARC-45  (UHF) 


27  lb. 


C-1611  interphone  (2  ea. ) 

4 lb. 

Attitude  indicator  (proposed) 

3 lb. 

Inve  rter 

4 lb. 

MA-7  battery 

34  lb. 

Military  lpbolstery  (proposed) 

18  lb. 

Heater  (proposed) 

26  lb. 

TOTAL  ADDED 

132  lb. 

Weight  of  installed  equipment  to 

be  removed: 

Commercial  radio 

8 lb. 

Commercial  upholstery 

31  lb. 

Battery 

34  lb. 

TOTAL  SUBTRACTED 

73  lb. 

TOTAL  BASIC  WEIGHT  (estimated) 

Fuel 

Instructor  and  student 
MISSION  OPERATING  WEIGHT 
REMAINING  AVAILABLE  PAYLOAD 
MAXIMUM  CERTIFICATED  GROSS  WEIGHT 


132  lb. 
1921  lb. 


-73  lb. 
1848  lb. 
342  lb. 
400  lb. 
2590  lb. 
260  lb, 
2850  lb. 


(2)  Center-of -Gravity  Travel.  Control  travel  was 
sufficient  to  provide  control  at  the  extremes  of  allowable  center-of  - 
gravity  (CG)  position  at  maximum  certificated  and  normal  operating 
gross  weights.  The  addition,  removal,  or  relocation  of  ballast  or 
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aircraft  components  was  not  necessary  for  the  helicopter  to  remain  within 
CG  limits  when  changes  were  made  in  loading  of  the  helicopter  with  respect 
to  fuel,  instructor,  and  student. 

(3)  Ground  Clearance.  Ground  clearance  was  sufficient 
for  operation  in  unimproved  areas.  At  normal  operating  r.p.m.,  ground- 
to-main-rotor  clearance  was  satisfactory  with  cyclic  stick  centered  but 
did  not  meet  specifications  when  cyclic  was  fully  displaced. 

(4)  Ground-Handling  Characteristics.  Ground -hand  ling 
characteristics  of  the  helicopter,  with  removable  wheels  provided,  were 
satisfactory. 

(5)  Suitability  for  Hoisting,  Jacking,  and  Mooring.  The 
helicopter  was  equipped  with  suitable  hoisting  and  jacking  hard  points  and 
had  suitable  locations  on  the  structure  for  attachment  of  mooring  lines. 

(6)  Suitability  of  External  Power  Receptacle.  The  heli- 
copter was  equipped  with  an  external  power  receptacle  which  was  com- 
patible with  Army  APU's. 

( 1 ) Adequacy  of  Cockpit  Configuration  and  Arrangement . 

The  cockpit  configuration  and  arrangement  of  the  test  helicopter  were 
evaluated  except  for  those  items  changed  in  the  manufacturer's  technical 
proposal.  The  cockpit  configuration  and  arrangement  were  found  to  be 
satisfactory  except  for  the  following: 

(a)  The  location  of  the  magnetic  compass  was  undesir- 
able in  that  it  was  not  centrally  located  for  view  by  the  instructor  pilot. 

(b)  The  free  air  temperature  gauge  was  located  in  a 
position  that  made  it  difficult  to  read  from  both  student  and  instructor 
pilot  stations. 


(c)  No  provisions  were  made  for  quick-di  sconnect 
of  the  battery. 

(d)  Installed  seat  belts  did  not  meet  military 
specification. 

(8)  Suitability  of  Internal  Lighting.  The  USAARU  evalua- 
tion (paragraph  A,  section  two)  is  summarized  as  follows:  "The  cockpit 
and  instrument  panel  illumination  of  this  aircraft  and  the  technical  proposal 
submitted  met  the  Model  Specification.  " 
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(9)  Suitability  of  External  Lighting.  External  lighting  was 
satisfactory  and  met  the  Model  Specification. 

( 1 0)  Durability  and  Reliability.  Durability  and  reliability 
could  not  be  determined  within  the  relatively  short  test  time  specified. 

(11)  Transportability.  The  helicopter  is  capable  of  being 
transported  by  C-123/130  type  aircraft  and  by  surface  transport. 

(12)  Noise  Level.  The  USAARU  evaluation  (paragraph  A, 

section  two)  is  summarized  as  follows:  "Internal  and  external  sound 

pressure  levels  met  the  Statement  of  Requirement;  however,  numerous 
internal  measurements  exceeded  the  Military  Specification  for  acoustical 
noise  levels  in  Army  aircraft.  " 

b.  Flight  Characteristics.  The  helicopter  was  flown  at  gross 
weights  up  to  the  maximum  certificated  (2850  pounds).  The  following 
was  determined: 

(1)  Stability.  The  stability  of  the  helicopter  was  satis- 
factory. Momentary  hands-off  cruising  flight  was  possible  for  all  but 
moderate-to-sever e turbulent  conditions. 

(2)  Controllability.  Controllability  was  satisfactory. 

Flight  characteristics  were  satisfactory  with  hydraulic  boost  turned  off. 

c.  Performanc  e.  The  helicopter  was  flown  at  gross  weights 
up  to  the  maximum  certificated  (2850  pounds)  and  estimated  mission 
operating  weight  (2590  pounds)  to  determine  whether  it  met  the  performance 
criteria  stated  in  the  Model  Specification.  The  following  was  determined: 

(1)  The  helicopter  was  capable  of  cruising  at  65  knots  true 
airspeed  (TAS)  at  sea  level. 

(2)  Endurance  at  65  knots  (TAS)  was: 

(a)  3.  3 hours  at  2850  pounds  at  4200  feet  density  altitude 
(maximum  gross  weight). 

(b)  3.  5 hours  at  2590  pounds  at  3800  feet  density  altitude 
(mission  operating  weight). 


(3)  Hover-out-of-ground  effect  was  accomplished  at  a 
density  altitude  of  4400  feet  which  is  equivalent  to  a pressure  altitude  of 
1000  feet  with  an  ambient  temperature  of  110°F.  at  mission  operating 
weight  (2590  lb.).  Hover-out-of-ground  effect  could  not  be  accomplished 
at  maximum  gross  weight  (2850  lb.). 

(4)  The  rates  of  climb  under  ICAO  sea  level  standard 
day  conditions  at  48  knots  (TAS)  were: 

(a)  7 50  feet  per  minute  at  2850  pounds. 

(b)  875  feet  per  minute  at  2590  pounds. 

(5)  The  autorotational  performance  was  determined  at 
4400  feet  density  altitude  (1000  feet  pressure  altitude  at  1 10°F. ) and  at 
a true  airspeed  of  37  knots.  Tested  under  these  conditions,  rates  of 
descent  were: 

(a)  1800  feet  per  minute  at  2850  pounds. 

(b)  1930  feet  per  minute  at  2590  pounds. 

(6)  In  autorotation  under  those  conditions  (paragraph  (5) 
above),  the  helicopter  regained  normal  rotor  r.  p.  m.  following  a decay 
of  rotor  r.p.m.  to  the  lower  operating  limit  with  an  average  of  150-foot 
loss  of  altitude. 

> 

(7)  The  helicopter  was  capable  of  landing  cross  slope  on 
15-degree  slopes  with  right  landing  skid  up  slope.  There  was  insufficient 
left  cyclic  control  for  15-degree  cross  slope  landings  with  left  skid  up 
slope. 

(8)  The  helicopter  was  not  susceptible  to  ground  resonance. 

. d.  Mission  Suitability.  This  portion  of  the  test  was  conducted 

by  the  USAPHS.  Their  report  (paragraph  B,  section  two)  is  summarized 
as  follows: 

"The  evaluation  considered  the  areas  of  flight  controls, 
stability,  power  reserve,  autorotative  characteristics,  latitude  for  stu- 
dent error,  training  endurance,  location  of  controls  and  ground  resonance. 
In  each  of  these  areas  the  United  States  Army  Primary  Helicopter  School 
found  the  aircraft  acceptable  for  its  intended  mission.  " 

e.  Maintenance. 
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(1)  During  the  evaluation,  the  helicopter  was  main- 
tained by  the  manufacturer's  representative  with  military  personnel  pro- 
vided for  servicing,  general  assistance,  and  maintenance  of  records. 

The  helicopter  required  only  organizational  maintenance.  Maintenance 
requirements  will  not  differ  from  those  of  Army  helicopters  presently 
in  the  Army  inventory. 

( 2)  Engine  operation  on  non-standard  Army  aviation 
fuel  ( 80/87  octane)  and  standard  Army  lubricants  was  trouble  free. 

( 3)  The  helicopter  was  easy  to  service  and  maintain. 

(4)  Replacement  of  components  was  not  required. 

(5)  Tools  and  ground-support  equipment  normally 
found  at  the  organizational  level  were  adequate  for  organizational  main- 
tenance. Special  tools  are  required  for  higher  echelons  of  maintenance. 

2.  Evaluation  of  Manufacturer's  Technical  Proposal.  The 
manufacturer's  technical  proposal  to  configure  the  test  helicopter  to 
meet  Model  Specification  was  reviewed  and  the  following  was  determined: 

a.  The  muff-type  heater  was  unsatisfactory'  as  it  could 
not  be  used  at  speeds  below  10  m.p.  h. 

b.  Required  shoulder  harnesses  with  inertia  reels  were 

not  specified. 


c.  Floor-  and  cyclic-control-mounted  radio-interphone 
keying  switches  were  proposed  for  both  student  and  instructor  crew 
stations . 


d.  An  attitude  indicator  was  proposed. 

e.  The  electronic  configuration  was  satisfactory. 

f.  Inverter  proposed  for  the  attitude  indicator  did  not 
conform  to  appendix  I of  the  Model  Specification. 

g.  The  USABAAR  evaluation  (paragraph  C,  section  two) 
is  summarized  as  follows: 


"(a)  The  evaluation  considered  the  categories  of 
Operational  Safety,  Maintenance  Safety,  and  Crashworthiness.  In  the 


categories  of  Operational  Safety  and  Maintenance  Safety,  USABAAR  found  the 
aircraft  to  be  acceptable  for  its  intended  mission. 

"(b)  However,  USABAAR  found  this  aircraft  unaccept- 
able in  the  crashworthiness  category.  The  post-crash  fire  potential  appears 
to  be  even  greater  than  that  of  other  'twin  saddle  fuel  tank’  Company  C model 
(see  appended  complete  report  for  tnese  discrepancies)  . " 

h.  The  USAAHUMRU  evaluation  (paragraph  D,  section  two) 
is  summarized  as  follows: 

"The  human  factors  design  c£  the  PH-6  primary  train- 
ing helicopter  was  found  to  be  adequate  for  mission  accomplishment  with 
the  following  exceptions: 

"fa)  The  heating  system  is  considered 
unsatisfactory. 

(b)  Lack  of  a specification  of  a shoulder  harness 
installation,  and 

"(c)  An  arrangement  of  instruments  which  is 
considered  below  minimum  acceptable  standards." 

3.  Comparison  with  Model  Specification  and  Statement  of 
Requirement.  In  determining  whether  the  PH-h  met  the  requirements 
of  the  Model  Specification  and  Statement  of  Requirement,  the  character- 
istics of  the  helicopter  as  tested  and  an  evaluation  of  the  manufacturer’s 
technical  proposal  were  considered. 


a.  Comparison  with  Model  Specificat  ion  as  Amended. 


Mod. 

Spec . 
Para.  No. 


Model  Specification 
As  Amended 

SCOPE 


PH-6 

Meets 

Spec, 


R emar  ks 


Scope.  This  detail 
specification  covers 
the  essential  require- 
ments for  the  design 


160 


Mod. 

Spec. 
Para.  No. 


Model  Specification 
As  Amended 


PH-6 

Meets 

Spec. 


Remar  ks 


I 

I 

I 


of  a single-engine 
prima  ry  helicopter 
trainer  capable  of  per- 
forming the  mission 
specified  in  1.  2. 

1.1.1  Designation  and  General 

Description. 

Army  Model  Designation  - 
Primary  Helicopter 
Trainer  (Army  model 
number  not  yet  assigned. 

Number  of  crew  - 1 pilot  Yes 

(instructor) 

Number  of  passengers  - Yes 

1 student 

Crew  and  passenger  seat-  Yes 

ing  arrangement  - side 
by  side 

Flight  controls  - dual  Yes 

Type  of  engine  - Yes 

reciprocating 

Main  rotor  system  - single  Yes 

1.2  Mission.  The  primary  Army 

mission  for  which  this  hel- 
icopter will  be  employed 
is  training  of  military  pilots 
in  the  basic  operation  and 
performance  of  a helicopter. 
Training  will  be  accomplished 
under  conditions  to  which 
Visual  Flight  Rules  apply. 
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Mod. 

Spec. 
Para.  No. 


Model  Specification 
As  Amended 


PH-6 

Meets 

Spec. 


Remarks 


1.  3 


1.4 


2. 

2.  1 


3. 

3.  1 


3.  2 


Federal  Aviation  Agency 
Certification.  The  heli- 
copter will  have  a part  6 
standard  airworthiness 
certificate  issued  by  the 
Federal  Aviation  Agency. 

Performance  Inf o r ma  ti  on . 
Those  items  of  performance 
stated  as  requirements  herein 
which  are  not  included  in  the 
FAA  approved  flight  manual 
are  subject  to  verification  by 
the  US  Army. 

APPLICABLE  DOCUMENTS. 

The  documents  applicable  to 
this  specification  are  those 
necessary  to  fulfill  the  re- 
quirements of  paragraph 
1.  3,  Federal  Aviation 
Agency  Certification. 

REQUIREMENT  S . 

Basic  Weight.  The  basic 
weight  of  the  helicopter 
wiLl  include  all  required 
installed  equipment  in- 
cluding the  items  of  para- 
graphs 3,7,  3.8.1.  1,  3.8.  1.2, 
and  the  electronic  equip- 
ment as  stated  in  Table  E, 
Appendix  I. 

Ccntc  r-of-Gravity  Travel. 
Addition,  removal  or  reloca- 
tion of  ballast  or  aircraft 


Yes 


Yes 


Yes 


Yes 


Yes 
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Para  No. 


Model  Specification 
As  Amended 


PH-6 
Meets 
Spec . 


Remarks 


» 
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components  will  not 
be  necessary  in  order 
to  maintain  the  CG 
limits  due  to  changes 
in  loading  of  the  heli- 
copter with  respect 
to  fuel,  pilot  and  stu- 
dent. 

3.  3 Useful  Load.  The  use-  Yes 

ful  load  of  the  helicopter 
will  be  sufficient  for  400 
pounds  in  add  Aon  to  the 
fuel  and  oil  necessary 
to  accomplish  the  2 1/2- 
hour  endurance  mission 
specified  in  paragraph 
3.4.1. 

3 . 4 Required  Performance. 

3.4.  1 ICAO  Sea  Level  Standard 

Day  Performance  (at  cer- 
tificated gross  weight). 

Cruise  speed  (minimum)  - Yes 
65  knots. 

Endurance  (minimum)  - Yes 
2 1/2-hours  at  65  knots 
cruise  speed. 

Rate  of  climb  (minimum)  - No  750  feet  per 

1000  feet  per  minute.  minute,  at  2850 

lb.  875  feet 
per  minute  at 
2590  lb. 


163 


use  ONLY 


Mod. 

PH-6 

Spec. 

Model  Specification 

Meets 

Para  No. 

As  Amended 

Spec. 

3.  4.  2 

Hovering  Performance 
Requirement.  At  certi- 
ficated  gross  weight  the 
aircraft  shall  hover  out 

No 

of  ground  effect  at  1000 
feet  at  110  °F. 

3.  4.  3 


3.  4.  3.  1 


3.  4.  3.  2 


3.  4.  3.  3 


Auto  rotational  Characteris- 
tics. (at  certificated  gross 
weight). 


Normal  Autorotation  Speed.  Yes 
The  manufacturer  will 
designate  a speed  for  nor- 
mal autorotation  not  to 
exceed  45  knots. 

Rate  of  Descent.  At  the  Yes 
autorotative  speed  desig- 
nated in  3.  4.  3. 1,  the 
helicopter  will  not  ex- 
ceed a stabilized  auto- 
rotational  rate  of  des- 
cent of  2200  feet  per 
minute  under  condi- 
tions of  1000  feet  alti- 
tude and  110°F. 

Rotor  R.  P.  M.  Decay.  Yes 

In  autorotation  at  the 
speed  in  3.4.  3.  I,  and 
conditions  of  1000  feet 
and  110°F.  , if  rotor 
r.p.m.  decays  to  the 
lower  rotor  r.p.m.  limit, 
the  helicopter  will  be 


Remarks 

Helicopter  hovered 
at  4400  feet  den- 
sity altitude  which 
is  equivalent  to 
1000  feet  pres- 
sure altitude  at 
110°F.  at  mission 
operating  weight 
(2590  lb). 


164 


Mod. 
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Modal  Specification. 
As  Amended 

PH-6 

Meets 

Spec. 

Rema  rks 

capable  o£  regaining 
normal  operating  r.p.m. 
(as  specified  by  manu- 
facturer) and  with  an 
altitude  loss  not  to 
exceed  200  feet. 

3.  5 

Aircraft  Structure. 

3.  5.  1 

Landing  Gear . 

3.  5.  1.  1 

Tvpe  Landing  Gear. 
Skid  type  landing 
gear  which  will  permit 
running  takeoffs  and 
landings. 

Yes 

3.5.  1.2 

Slope  Landings.  The 
landing  gear  will  permit 
cross  slope  landings  on 
slopes  of  15°. 

Yes 

Insuffici  ent 
cyclic  con- 
trol for  left 
skid  up  slope. 

3.  5.  1.  3 

Ground  Handling.  Ground 
handling  wheels  are  re- 
quired. Weight  of  the 
ground  handling  wheels 
will  not  be  included  in 
the  empty  weight  if  they 
are  detachable. 

Yes 

3.  5.  1.4 

Hoi stine.  Jacking,  and 
Mooring . Provisions  will 
be  made  for  hoisting,  jack- 
ing, and  mooring. 

Yes 

3.5.2 

Mai:.  Rotor  Blades. 
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Model  Specification 
As  Amended 

PH-6 
Meets 
Spec . 

Remarks 

3.  5.  Z.  1 

Blade  Interchangeability. 
The  mam  rotor  blades 
will  be  individually 
interchangeable . 

Yes 

3.  5.  3 

Control  Pedals. 

Both  sets  of  direc- 
tional control  pedals 
of  the  aircraft  will 
be  adjustable. 

Yes 

3.  5.4 

Operating  Environment. 

3.  5.4.  1 

Aircraft  Operation.  The 
aircraft  will  be  capable 
of  operating  in  tempera- 
tures from  0°F.  to  +100°F. 

Unde- 

termined 

Temperatures 
during  test 
ranged  from 
7 5°F.  to  95°F. 

3.  5.4.  Z 

Cabin  Heating.  The  air  - 
craft  will  have  a heating 
system  which  provides 
a minimum  of  50°F. 
cabin  temperature  with 
0°F.  outside  air  tempera- 
ture. This  condition  need 
only  be  satisfied  with  the 
engine  operating. 

Unde- 

termined 

Heater  was  pla- 
carded prohib- 
iting operation 
at  speeds  under 
10  m.  p.  h.  Due 
to  temperature 
ranges,  this 
test  could  not 
be  conducted. 

3.  6 

Fuel  and  Lubricants. 

The  engine  will  operate 
on  such  fuel  and  lubricants 
which  are  now  established 
as  standard  by  the  US 
Army  (reference  MIL-G- 
557ZC,  dated  1Z  July  and 
MIL-L-Z2851,  dated 
30  June  61.  and  MIL-L- 
6082C,  dated  18  May  61.  ) 

No 

Engine  operated 
satisfactorily  on 
80/87  octane  fuel. 

HI 
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PH-6 

Meets 


Mode1.  Specification 
As  Amended 


nstruments  and  Navi 


ational  Lquipment 


Flight  instruments  and 
lights  for  day  and  night 
VFR  conditions  s]>all 
be  furnished  and  in- 
stalled by  the  con- 
tractor. An  attitude 
indicator  shall  be  pro- 
vided as  part  of  the 
basic  aircraft  instru- 
mentation. 


Anti-Collision  Light 


The  aircraft  will  have 
an  anti-collision  light. 
The  light  will  be  lo- 
cated to  prevent  reflec 
tion  into  the  cockpit. 


Landin 


The 

aircraft  will  be  equipped 
with  landing  light(s) 
which  will  be  adjustable. 
The  landing  light  switch 
will  be  located  on  the 
pilot’s  cyclic  or  collec- 
tive control. 


Power  Receptacle.  The 
aircraft  will  be  equipped 
with  an  external  power 
receptacle  of  an  AN  or 
AMS  standard  design. 


Switches  and  Auxiliary 
Controls . All  switches  Yes 

and  auxiliary  controls 
necessary  for  flight  and 
navigation  will  be  accessi- 
ble and  within  reach  of 
the  student  pilot  and  the 
instructor  pilot.  Switches 
and  controls  shall  be  oper- 
able in  flight  by  personnel 
wearing  winter  flight  cloth- 
ing. Accessible  floor 
mounted  and  cyclic  control 
mounted  radio-interphone 
switches  will  be  provided 
for  both  student  pilot  and 
instructor. 

Electronic  Equipment.  The 
aircraft  will  be  equipped  No 

with  the  electronic  equip- 
ment as  indicated  in 
appendix  I. 

Safety  Equipment.  Seat  No 

belt  and  shoulder  harness 
will  be  furnished  for  all 
occupants . 


APPENDIX  I 


See  Appendix  I 
below. 


Seat  belts  did 
not  meet  the 
Military 
Specification 
and  shoulder 
harnesses 
were  not  fur- 
nished or 
proposed. 


Communications 

UHF-AN/ ARC-45,  (1  ea) 


Yes 


GFE 


Model  Specification 
As  Amended 


Meets 


itement  of  Requirement  (reference  4)  excluding 
ered  by  the  Model  Specification  follows: 


It  is  desired  that  the 
external  dimensions  of  the 
helicopter,  less  rotor, 
not  exceed  8 feet  in  height, 
23  feet  in  length,  and  7 
feet  in  width. 


Helicopter  length 
32 . 3 feet,  width 
9.  5 feet,  and 
height  9-  3 feet. 


With  full  cyclic  movement, 
the  rotor  blade  tip  clearance 
above  the  ground  level  should 
not  be  less  than  6 feet  with 
rotors  turning. 


With  cyclic  con- 
trol centered 
and  normal  rotor 
r . p. m.  , ground - 
to -main-  rotor 
clearance  was 
satisfactory. 


ICS  C-1611,  (2  ea. ) 

Yes 

GFE 

Miscellaneous 

Antenna  - AT -4 50 /ARC, 
(1  ea. ) 

Yes 

GFE 

Battery- Sonotone , MA-7 

Yes 

Inverter-Leland 

No 

Static  inverter 

MIL-  E-9 3-200..  Bendix 
328-172-1.  (If  required, 
either  inverter  listed 
will  be  a suitable  sub- 
stitute for  standard 
equipment.  ) 

proposed. 

b.  Comparison  with  Statement  of  Requirement.  A 

Yes 


I 


' 

! 


r 


A minimum  rotor  diameter 
consistent  with  good  auto- 
rotative  characteristics 
is  desired. 

Structure  and  Design 

The  following  will  be  required:  Yes 

Main  rotor  blades  which  are 
interchangeable,  without  re- 
tracking desirable. 

If  more  than  two  main  rotor  N/A 

blades,  provisions  should  be 
provided  for  simple  expeditious 
folding  and  unfolding. 

It  shall  be  free  from  ground  Yes 

resonance . 

Suitable  seat  belt  and  shoulder  No 

harness  for  both  student  pilot 
and  instructor. 


Electrical 

The  following  are  required:  Yes 

Lighting;  adequate  position, 
cock-pit,  anti-collision  and 
landing  lights  for  night  flight. 


Seat  belts 
did  not  meet 
the  military 
specification 
and  shoulder 
harnesses  vi  th 
inertia  reels 
were  not  specified 
in  technical 
proposal. 
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Requirement 


Remarks 


PH-6  Meets 


Requirement 


Position  and  anti-collision 
lights  to  be  positioned  to 
prevent  reflection  into 
cockpit;  landing  light  to  be 
adjustable. 

Durability  and  Reliability 

Engine  and  dynamic  components  Undeter- 

should  not  be  materially  affected  mined 

by  dust,  sand,  moisture,  etc.  , 
encountered  in  operation  from 
unprepared  areas. 

Noise  Level 

The  lowest  possible  noise  level  Yes 

is  desired  without  use  of  a 
complex  or  elaborate  muffler 
system  or  extension  or  heavy 
insulation. 

Personnel  Considerations . 

No  new  personnel  skills  will  be  Yes 

required. 


Training  Considerations 

No  new  training  requirements  Yes 

will  be  generated. 


Exceeded  MIE-A  - 
8806  in  all  areas. 
(Reference  paragraph 
A,  section  two.  ) 


Due  to  similarity 
of  the  helicopter 
to  other  helicopters 
in  the  Army  inven- 
tory, no  new  skills 
will  be  required. 


No  new  training  re  - 
quirements  for  tech- 
nical service  schools 
are  required. 
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No  supporting  training  devices  Yes 

other  than  those  on  hand  at  the 
US  Army  training  base  are 
required. 

D.  Deficiencies  and  Shortcomings. 

1.  The  following  deficiencies  were  noted  during  the  conduct 
of  the  test: 


Deficiencies 

a.  Seat  belts  did  not  meet  the 
military  specification. 

b.  Shoulder  harnesses  and  inertia 
reels  were  not  provided  . 

c.  Rate  of  climb  did  not  meet  the 
Model  Specification  for  maximum 
gross  weight  or  mission  operating 
weight. 

d.  Helicopter  could  not  hover 
OGE  at  4400  feet  density  altitude 
at  maximum  gross  weight. 

e.  Crashworthiness  was 
unsatisfactory. 


Suggested  Corrective  Action 

Provide  seat  belts  designed  in 
accordance  with  the  military 
specification. 

Provide  shoulder  harnesses 
and  inertia  reels  that  meet 
the  military  specification. 

Increase  power  available. 


Increase  power  available. 


Reduce  post-crash  fire 
potential. 

were  noted  during  conduct 


2.  The  following  shortcomings 

of  the  test: 


Shortcoming s Suggested  Corrective  Action 

a.  Location  of  magnetic  compass  Relocate  for  easy  reference  by 

was  unsatisfactory . both  pilot  and  instructor. 
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Suggested  Corrective  Action 


Shortcomings 


Relocate  for  easy  referencc- 
by  both  the  instructor  and 
student. 


b.  Location  of  free-air  temperature 
gauge  was  unsatisfactory. 


Provide  quick  disconnect 
for  batter y. 


c.  No  provisions  were  made  for 
quick  disconnect  of  battery. 


Provide  inverter  which  meets 
the  Model  Specification. 


d.  Inverter  proposed  for  attitude 
indicator  does  not  conform  to 
Model  Specification. 


Provide  a heater  capable 
of  operation  on  the  ground 
and  at  airspeeds  under  10 


e.  Heater  operation  was  prohibited 
at  airspeeds  under  10  m.p.h. 


Fa  rag  raphs 
A 
B 
C 
D 


SECTION  TWO 

jjg£Qrts  from  Other  Agencies  on  the  PH -6 

Page  No. 

US  Army  Aeromedical  Research  Unit  I77 

US  Army  Primary  Helicopter  School  187 

US  Army  Board  for  Aviation  Accident  Research  191 
US  Army  Aviation  Human  Research  Unit  195 
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PARAGRAPH  A 

Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 

USAARU-FO  21  August  1963 


LIGHT  EVALUATION  OF  THE  PH-6 


1.  Methods  and  Equipment. 

The  evaluation  consisted  of  in-flight  analysis  of  the  aircraft's 
lighting  system  under  night  conditions.  Criteria  for  this  evaluation  were 
derived  from  U.  S.  Navy  Specifications  governing  cockpit  and  instru- 
ment panel  illumination  modified  to  meet  Army  requirements, 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Instrument  panel  light  reflections  of  the  bubble  are  apparent 
when  the  lights  are  adjusted  to  the  highest  setting.  With  proper  adjust- 
ment, all  reflections  from  the  instrument  panel  are  eliminated. 

b.  During  the  twilight  hours  reflections  from  the  light  colored 
interior  accessories  were  noted  on  the  lower  portions  of  the  bubble. 

c.  The  intensity  of  the  auxiliary  light  or  map  light  may  be 
adjusted  by  rheostat  and  a lens  selector  gives  the  light  the  capability 
of  white  or  standard  red  illumination. 

4.  Summary.  The  cockpit  and  instrument  panel  illumination  of 
this  aircraft  is  adequate  for  a primary  trainer  capable  of  performing 
night  training  missions. 


1 Incl 
as 


/s/  William  C.  Thrasher 
/t/  WILLIAM  L . THRASHER 
2/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDTCAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


COCKPIT  LIGHT  STUDY 
PH-6 


1.  Are  all  instruments  adequately  illuminated?  Yes 


2.  Are  they  illuminated  uniformly?  Yes  Is  there  sufficient  in- 
tensity? Yes 

3.  Is  illumination  controllable  to  very  low  intensities?  Yes  (Rheostat) 

4.  Are  markings  of  instruments  readable?  Yes 


5.  Are  all  controls,  instructions,  and  nameplates  adequately  illu- 
minated? Yes 

6.  Are  they  illuminated  uniformly?  Yes  Is  there  sufficient  intensity? 

Yes 


7.  Is  illumination  controllable  to  very  low  intensities?  Y'es 


8.  Are  markings  on  controls,  instructions  and  nameplates  readable? 
Yes 


9-  Is  the  intensity  of  lighting  for  some  instruments  and  controls  con- 
trolled separately?  No 

10.  Is  an  auxiliary  light  provided?  Yes  Is  light  standard  red?  Yes 


11.  Is  the  power  source  independent  of  normal  lighting  circuit?  Yes 


12.  Are  there  any  sources  of  light  which  give  other  than  standard  red 
light?  Yes  (Note  para  3c) 

13.  Are  there  any  reflections  in  the  windshield,  windows,  canopy  or 
other  reflecting  surfaces  which  interfere  with  visibility  inside  or 
outside  the  cockpit?  Yes  (see  para  3a  & b) 


ANNEX  A 
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14.  Is  there  light  leakage  into  the  cockpit  from  other  compartments? 

N/A 

15.  Are  spare  lamps  provided  in  sufficient  quantity  and  easily  ac- 
cessible? N/A 

16.  Are  all  instruments,  instructions,  nameplates,  and  control  mark- 
ings readable  in  daylight?  Yes 

17.  Can  warning  and  caution  lights  be  dimmed  sufficiently  for  night 
operations?  Yes 

18.  Are  warning  and  caution  lights  of  sufficient  intensity  for  daylight 
use?  Yes 

19.  Are  wtrning  and  caution  lights  on  the  mam  dimming  circuit?  No 

20.  Is  lighting  provided  in  accordant  e with  the  aircraft  detail  speci- 
fication? Yes 

21.  Is  the  light  adequate  for  reading?  Yes 

22.  Does  the  light  cause  glare  to  cockpit  0 No_ 

2 3 Is  there,  adequate  general  illumination  for  the  compartment0  Yes 

24.  Do  any  of  the  exterior  lights  provide  glare  in  the  cockpit? No 

25.  Is  exteri  >r  lighting  provided  in  accordance  with  FAA°  Yes 


I 

I 

I 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 


USAARU-FO 


21  August  1963 


REPORT  ON  PH-6 


1 . Method  of  Testing. 

a.  The  heating  and  ventilation  evaluation  of  the  PH-6  con- 
sisted of  comparisons  of  outside  air  temperature  and  cockpit  air 
temperature  with  the  aircraft  under  all  operating  conditions.  In 
conjunction  with  these  checks,  a carbon  monoxide  test  was  also 
made . 

b.  Equipment  consisted  of: 

(1)  Weston  Aneroid  Thermometer  Model  2291. 

(2)  Mine  Safety  Appliance  Company  Carbon  Monoxide 
Tester,  Category  No.  DS-47133. 

2.  Results.  (See  Annex  A) 

3.  Discussion: 

a.  The  recommended  maximum  temperatures  for  clothed  men 
not  especially  acclimatized  are  as  follows: 

(1)  Resting  in  still  air-  88°F. 

(2)  Resting,  with  some  air  movement  (170  FPM  air  velocity)- 

93°F. 

(3)  Moderate  work,  still  air—  78°F. 

Reference:  Patty,  Frank  A.,  Industrial  Hygiene  & Toxicology  (2d  ed.  , 

Vol.  1;  New  York:  Interscience  Publishers  Inc.,  1958). 

b.  The  PH-6  while  operating  with  existing  outside  air  temperatures 
in  the  90°F.  range  meets  the  above  listed  requirements. 


c The  largest  percentage  of  carbon  monoxide,  0.005  was 
found  with  this  aircraft  at  a hover  and  at  ground  idle  with  doors  off. 

This  meets  the  maximum  allowable  concentration  in  a cockpit  of  0.005% 
(50  ppm) 

Reference:  Air  Force  Manual  No.  161-1,  Flight  Surgeon  s Manual, 
Department  of  the  Air  Force 

d Although  this  is  considerably  higher  than  the  maximum 
allowable  CO  concentration,  it  would  take  approximately  80  minutes 
to  develop  a blood  concentration  of  10%  CO,  which  is  considered  to 
be  the  upper  limits.  (These  factors  would  not  be  constant- -different 
weather  conditions,  i.e.,  wind,  etc.,  would  prevent  maximum  con- 
centrations for  extended  periods  ol  time  ) Approaching  25-30%,  de- 
finite changes  can  occur  which  impair  function. 

Reference:  Forbes,  W H.  , Sargent,  F.,  and  Roughton,  F.  J.  , '‘The 

Rate  of  Carbon  Monoxide  Uptake  by  Normal  Man,  ' American  Journal 
of  Physiology  143:594,  1945. 

e.  A heater  was  not  installed  on  this  aircraft. 


1 Incl 
as 


/ s / William  C.  Thrasher 
/t / W.  C.  THRASHER 
2/Lt.,  MSC 
Ass't  Fid  Opns  Div 
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HEATING  AND  VENTILATION  EVALUATION  OF  OFF-THE-SHELF 
HELICOPTER  TRAINERS 
PH-6 

Analyzed  by  Lt  Thrasher  Date  19  Aug  63 


%GO  Temp  Humidity 


VENTILATION 

On  Ground 

Doors  Off  /P) 

A/  C Out 

EHSKsSa 

. 005 

90 

90 

Doors  On  - Window  Open 

0 

90 

90 

Doors  On  - Window  Closed,  Vent  Open 

100 

90 

Doors  On  - Window  Closed,  Vent  Closec 

0 

98 

90 

Hover 

Doors  Off  (P) 

. 005 

90 

90 

Doors  On  - Window  Open 

0 

98 

90 

Doors  On  - Window  Closed,  Vent  Open 

98 

90 

Doors  On  - Window  Closed,  Vent  Closec 

100 

90 

In-Flight 

Doors  Off  (P) 

0 

88 

84 

Doors  On  - Window  Open 

0 

92 

86 

Doors  On  - Window  Closed,  Vent  Open 

94 

86 

Doors  On  - Window  Closed,  Vent  Closec 

0 

102 

86 

HEATING 

On  Ground,  Engine  at  operating  RPM, 
doors,  vents  and  windows  closed 
Heater  "Off" 

Heater  "On" 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 

USAARU-FO  21  August  1963 


NOISE  EVALUATION  OF  THE  PH -6 


1.  Methods  and  Equipment. 

a.  Due  to  the  number  oi  aircraft  to  be  tested  and  the  short 
time  available  for  testing,  the  noise  analysis  was  limited  to  the  following: 

'‘A1'  24-55  db  sound  level  for  speech  interference 

"B"  55-85  db:  sound  level  for  noise  survey. 

'C"  85-140  db*  sound  pressure  level,  over-all  frequency 

response . 

b.  A Sound-Level-Meter,  General  Radio,  type  1551-C,  was 
used  for  the.  noise  measurement. 

c.  The  test  area,  located  at  County  Line  Strip,  is  a pre-marked 
circle  with  a radius  of  50  feet  divided  into  30°segments. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

Doors  On  Doors  Off  MIL- A- 8806 

Normal  Cruise  107  110  106 

Maximum  Cruise  109  114  113 

a.  Operation  of  this  helicopter  at  maximum  cruise  with  the  doors 
off  produced  a sound  pressure  level  of  114  decibels  which  exceeds  Table  7, 
MIL-A-8806. 

b Normal  cruise  with  the  doors  on  and  off  produced  sound  pres- 
sure levels  of  107  and  110  decibels  respectively  which  exceeds  Table  IV, 
MIL-A-8806. 
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c.  There  are  no  military  specifications  for  external  noise.  Raw 
data  is  included  for  comparison  purposes  only. 

4.  Summary.  Improvements  should  be  made  to  reduce  noise  levels 
to  meet  military  specifications  (MIL-A-8806). 


/s/  William  C.  Thrasher 
/t/  WILLIAM  C.  THRASHER 
2/Lt,  MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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NOISE  LEVEL  MEASUREMENTS-OCTAVE  BAND  ANALYSIS 
DATA  COLLECTION  SHEET 


Analyzed  by  Lt  Thrasher  and  Sp  Basel 
PH-6 

DOORS-ON  ABC  Cenl 


Ground  idle 


Ground  high  power 


Hover 


Normal  cruise 


Maximum  cruise 


Date  19  Aug  63 


96  1 1 00 
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DOORS-OFF 


Ground  idle 


Ground  high  power 

Hover 

Normal  cruise 

Maximum  cruise 

HEADQUARTERS 

UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 
Fort  Wolters,  Mineral  Wells,  Texas 


AKPWO-HS 


Evaluation  of  Mission  Suitability  of  the  Primary 
Helicopter  Trainer  {Off  the  Shelf)  USATECOM 
Project  No.  4-3-1000-01-A 


President 

US  Army  Aviation  Test  Board 
Fort  Rucker,  Alabama 


Attached  hereto  are  reports  of  evaluation  of  mission 


suitability  for  the  PH-6,  PH-7,  and  PH-9  Helicopters 


Is/  J.  E.  Gonseth,  Jr 
/t/  J.  E.  GONSETH,  JR. 
Colonel,  Signal  Corps 
Commandant 


t.  f PRECfDIt'G  BLANK- NOT  flLT-KD 


PARAGRAPH  B 


EVALUATION  OF  MISSION  SUITABILITY 


OF  THE 


PH-6  HELICOPTER  AS  CONDUCTED  BY  THE 
UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 


1.  Scope.  Experienced  primary  flight  instructors  from  the  US 
Army  Primary  Helicopter  School  conducted  primary  flight  training 
with  qualified  student  officers  with  no  previous  flight  experience  a.nd 
transition  training  for  rated  Army  aviators  with  varied  experience  in 
observation  helicopters.  The  helicopter  was  repeatedly  flown  through 
typical  training  missions  with  the  students  being  required  to  perform 
maneuvers  included  in  the  approved  flight  syllabus  of  the  US  Army 
Primary  Helicopter  School,  Fort  Wolters,  Texas. 


Z.  Findings. 


a.  Hovering.  The  helicopter  performed  this  maneuver  in  an 
acceptable  manner. 

b.  Normal  Take-Off  and  Normal  Approach.  The  helicopter 
performed  this  maneuver  in  an  acceptable  manner. 

c.  Maximum  Performance  Take-Off  and  Steep  Approach.  The 
helicopter  performed  this  maneuver  in  an  acceptable  manner. 

d.  Running  Take-Off  and  Landing.  The  helicopter  performed 
this  maneuver  in  an  acceptable  manner. 

e.  Hovering  Autor orations . The  helicopter  performed  this 
maneuver  in  an  acceptable  manner. 

f.  Auto  rotations.  The  helicopter  performed  this  maneuver 
in  an  acceptable  manner. 

g.  Simulated  Forced  Landings.  The  helicopter  performed 
this  maneuver  in  an  acceptable  manner. 
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Criteria  for  Evaluation 


Meets  Criteria 


Remarks 


instructor  pilot  to  contain  or  re- 
cover from  unusual  situations  induced 
by  student  errors. 


Autorotative  Characteristics 


Rotor 

mass  and  inertia  adequate  to  allow 
for  student  error  in  autorotative 


landings 


Latitude  for  Student  Error 


Inherent 

flight  characteristics  that  will  allow’ 
a student  to  make  an  identifiable  error 
ana  still  have  sufficient  latitude  for  the 
student  pilot  and/or  instructor  pilot  to 
make  a recovery  No  preflight  or  start- 
ing techniques  that  would  demand  detailed 
procedure  or  unusual  knowledge  on  the 
part  of  the.  student  pilot  and  instructor 
pilot . 


T raini ng_E nduranc e C onsiderati ons : 
Adequate  ventilation,  heating  and  de- 
frosting equipment.  Ample  shoulder 
room  between  instructor  pilot  and  stu 
dent  and  between  collective  pitch  sticl 
and  the  door  Comfortable  seat  cush- 
ions to  allow  four  hours  of  flight  with- 
out undue  fatigue. 


Location  of  Controls 


Trim  controls  if 
required  on  each  cyclic  stick.  Any  con 
trol  locking  or  safety  devices  in  sight 
and  reach  of  the  instructor  pilot. 


Ground  Resonance:  Must  be  free  from 


ground  resonance. 


4-  Conclusions  The  PH  6 Helit  opter  is  suitable  for  use  as  a 
Primary  Helicopter  Trainer. 


PARAGRAPH  C 


BAAR-P  3 September  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-6  Off -the -Shelf 
Primary  Helicopter  Trainer 


TO:  President 

U.S.A.  Aviation  Test  Board 
ATTN:  Off-the-Shelf  Project  Officer 
Fort  Rucker,  Alabama 


1.  The  following  is  USABAAR's  Evaluation  of  the  PH-6  for  the  off- 
the-shelf  primary  helicopter  trainer  competition  The  evaluation  con- 
sidered the  categories  of  aviation  safety  and  accident  prevention  in 
three  primary  categories.  USABAAR  found  the  aircraft  to  be  accept- 
able for  its  intended  mission.  However,  there  are  certain  deficiencies 
which  will  detract  from  its  mission  capability  and  should  be  considered 
by  those  responsible  for  selecting  the  winner  of  the  competition.  Cate- 
gories considered  are: 

a.  Operational  Safety:  This  category  considers  those  features 

of  the  aircraft  and  its  operating  characteristics,  that  are  considered  to 
be  conducive  to  accident  causation  and  which  may  detract  from  the 
operator's  ability  to  maintain  safe  flight  at  all  times. 

b.  Maintenance  Safety:  This  category  considers  maintenance 

design  features  of  the  aircraft  contributing  to  accident  causation.  It 
includes  those  features  of  "Murphy's  Law,"  ease  of  inspection,  acces- 
sibility for  component  replacement,  the  preflight  inspections  imposed 
on  tht  operator,  etc. 

c.  Crashworthiness:  This  category  considers  design  features 

of  the  aircraft  that,  in  the  event  of  a crash,  provide  protection  from  in- 
jury to  the  occupants,  ft  also  includes  features  of  crash-fire  worthiness 

2.  Evaluation  comments  are  as  follows: 
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BAAR-P  3 September  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-6  Off-the-Shelf 

Primary  Helicopter  Trainer 

a . Operation  Safety: 

(1)  The  collective  pitch  stick  "grip"  is  of  smooth  texture 
on  the  surface.  This  should  be  a knurled  or  rough  surface  to  preclude 
slippage . 

(2)  The  hydraulic  boost  control  switch  is  located  in  the 
lower  portion  of  the  pedestal  which  makes  it  difficult  to  reach  in  the 
event  of  a failure  of  the  system.  A failure  during  nap-of -the-earth 
flying,  or  at  a hover  requires  the  pilot  to  release  the  collective  pitch 
control  to  activate  this  switch. 

b Maintenance  Safety: 

(1)  The  fuel  selector  valve  control  connection  located  in 
the  tail  boom  area,  aft  of  the  engine,  can  be  damaged  or  malaligned 
quite  easily  when  climbing  the  boom  for  rotor  mast  inspections. 

(2)  Fittings  which  require,  lubrication  are  used  throughout 
when  others  (lubrication  free)  are  available  and  are  more  suited  to 
Army  aviation  maintenance  requirements. 

c . Crashworthiness: 

(1)  The  seat  understructure  does  not  utilize  available 
space  and  materials  to  best  advantage  in  energy  absorption  in  the 
event  of  high  vertical  and  longitudinal  cra-'h  forces. 

(2)  The  post  crash  fire  potential  of  this  aircraft  appears 
to  be  even  greater  than  that  of  other  twin  tank  models.  Increased 
fuel  capacity  of  the  fuel  tanks  add  to  this  potential  USABAAR  con- 
siders this  aircraft  unacceptable  because  of  the  fuel  tank's  post  crash 
fire  potential. 


(3)  The  roll  over  protection  provided  in  the  cockpit  is 
nil.  A roll  over  bar  of  some  type  should  be  provided. 

3.  Tht  following  features  are  recognized  as  desirable  and  con- 
sidered worthy  of  mention: 


BAAR--P  3 S 

SUBJECT:  USABAAR's  Evaluation  of  PH-6  Off-the-Shelf 
Primary  Helicopter  Trainer 


a.  Night  lighting  was  found  to  be  very  good.  No  reflections 
were  caused  in  the  bubble  from  either  the  anti -collision  lights,  naviga 
tion  lights,  or  instrument  panel  lights.  The  tinted  bubble  affords 
ease  of  eye  strain  during  day  and  night  operations. 


b The  increase  in  inertia  of  the  main  rotor  blades  makes 
autorotation  much  easier  in  comparison  to  helicopters  already  in  the 
Army  inventory. 


hands  off'1  flight  stability  of  this  helicopter  is  very 


/ s / Robert  M.  Hamilton 
/t/  ROBERT  M.  HAMILTON 
Colonel,  Infantry 
Director,  USABAAR 
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PARAGRAPH  D 

U.  S.  ARMY  AVIATION  HUMAN  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


21  August  1963 

Human  Factors  Evaluation  of  PH-6  Primary  Trainer 

1.  Summary 

1.1  The  human  factors  design  of  the  PH-6  primary  training  heli- 
copter was  found  to  be  adequate  for  mission  accomplishment  with  die 
following  exceptions. 

a The  heating  system  is  considered  unsatisfactory. 

b Lack  of  a specification  of  a shoulder  harness  installation,  and 

c.  An  arrangement  of  instruments  which  is  considered  below 
minimum  acceptable  standards. 

2.  Detailed  Considerations 


?: 


2.  1 The  heating  system  is  unsatisfactory  due  to  the  fact  that  it  can- 
not be  used  during  ground  operations  or  while  hovering.  As  a sizeable 
proportion  of  primary  training  consists  of  ground  operation  and  hovering, 
the  crew's  winter  comfort  is  sharply  impeded  by  this  deficiency. 

2.2  Shoulder  harness  installations  for  instructor  and  student  were 
not  specified.  This  is  probably  an  oversight,  but  as  the  proposal  Wands 

it  is  considered  a deficiency. 

2. 3 The  proposed  instrument  arrangement  is  regarded  as  below 
minimum  acceptable  standards  for  a primary  trainer. 


2.  3.1  The  arrangement  proposed  indicates  little  if  any  considera- 
tion was  given  to  the  instrument  scanning  required  of  the  student  or  in- 
structor. The  attitude  indicator  is  located  on  the  upper  right  side  of  the 
panel  away  from  other  flight  instruments.  The  basic  group  of  airspeed, 
attitude,  rotor-engine  r.p.m.,  and  manifold  pressure  is  located  below  a 
group  of  flight  irrelevant  instruments  which  are  placed  adjacent  to  the 
attitude  indicator,  and  the  heading  indicator  is  mounted  on  the  left  door 


frame  completely  away  trom  other  instruments.  Secondary  indicators 
mcl  controls  such  as  radio,  ICS,  and  ignition  switches  are  placed  m 
primary  panel  ^pice  rather  than  using  this  space  for  essential  flight 
instruments.  At  a minimum  the  attitude  indicator  should  be  placed  ad- 
jacent to  the  flight  indicator  group  Providing  a heading  indicator  on 
or  adjacent  to  the  instrument  console  is  considered  highly  desirable. 

The  instrument  panel  should  be  redesigned  in  accordance  with  the  Army 
basic  " T"  instrument  arrangement  in  primary  panel  space 


/ s / Robert  H.  Wright,  Ph.  D. 

/ 1/  ROBERT  H.  WRIGHT,  Ph.  D 
Re -e arch  Scientist 
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UNIT  E - COMPANY  £3  MODEL  PH  - 7 


SECTION  ONE 
USAAVNTBD  REPORT 


A.  Description  of  Materiel. 

1.  The  PEI-7  is  a single  engine,  three-place,  side-by-side, 
two-bladed  single  main  rotor  and  tail  rotor  type  helicopter.  Power  is 
supplied  by  a VO540-C1A  ve rtically -mounted  six-cylinder,  opposed 
type,  air-cooled  non-supercharged  engine,  which  has  a maximum  rated 
power  at  sea  level  of  305  b.hp.  at  3200  r.p.m.  Engine  power  is  trans- 
mitted to  the  rotors  through  a double  planetary  reduction  transmission. 
The  main  rotor  mast  assembly  is  set  into  the  transmission,  which  is 
bolted  to  the  engine,  making  the  complete  assembly  one  rigid  unit 
Takeoff  shaft  connections  extend  from  the  transmission  to  drive  the 
tail  (antitorque)  rotor  The  helicopter  tested  was  not  Federal  Aviation 
Agency  (FAA;  certificated  andhad  not  been  issued  a type  inspection 
report  (TIR).  However,  the  model  designation  was  type  certificated  on 
18  September  1963. 

2.  Flight  controls  consist  of  cyclic  stick,  collective  pitch 
stick,  and  antitorque  pedals.  The  collective  and  cyclic  controls  are 
power  boosted  with  hydraulic  cylinders  which  have  a lock  and  load- 
limiting  feature.  A cyclic  trim  system  is  provided  which  incorporates 
a spring  in  series  with  a magnetic  brake  which  is  normally  engaged  to 
react  the  spring  force.  A button  on  the  cyclic  grip  is  used  to  re-trim 
the  cyclic  stick  at  a desired  position.  A two-axis  stability  augmenta- 
tion system  (SAS)  is  installed  and  provides  limited  authority  (approxi- 
mately 10  percent)  roll  and  pitch  stabilization. 

3.  The  main  rotor  system  is  a two-bladed,  teetering,  under- 
slung  rotor.  The  rotor  cuffs  which  retain  the  blades  are  attached  to 
the  hub  through  a set  of  four  angular  contact  ball  bearings  and  a needle 
bearing  which  allows  the  blades  to  cycle  about  the.  leathering  axis.  1 he 
all-metal  blades  have  a constant  chord  A two-  bladed,  all-metal,  anti- 
torque tail  rotor  mounted  on  flapping  hinges  provides  directional  control. 

4.  The  helicopter  basic  body  section  and  tail  boom  are  of  all- 
metal  stressed-skin  construction  with  a tinted  Plexiglas  bubble  A 
skid  -type  landing  gear  with  removable  ground-h  .ndling  wheels  is  used. 
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5.  General  dimensions  of  the  PH-7  are  listed  below: 


a.  Overall  height 

10  feet 

2 inches 

b.  Overall  length  (main  rotor  tip 
to  tail  rotor  tip) 

40  feet  6 inches 

c.  Rotor  diameter 

35  feet 

d.  Fuselage  width 

4 feet 

11  inches 

e.  Skid  gear  tread 

7 feet 

6 inches 

B.  Scope  of  Test.  The  test  was  conducted  in  the  vicinity  of  Fort 
Rucker,  Alabama,  by  USAAVNTBD  project  officers  and  USAPHS  instruc- 
tor personnel.  The  test  consisted  of  three  phases:  a 60 -flying -hour 
test;  a study  of  the  manufacturer's  technical  proposals  which  describe 
changes  to  configure  the  test  helicopter  to  meet  the  stated  requirements; 
and  a comparison  of  the  helicopter  with  the  Model  Specification  and  the 
Statement  of  Requirement.  In  addition,  the  US  Army  Board  for  Aviation 
Accident  Research  (USABAAR)  evaluated  the  aviation  safety  aspect;  the 
US  Army  Aviation  Human  Research  Unit  (USAAHUMRU)  evaluated  the 
human  factors  aspect;  and  the  US  Army  Aeromedical  Research  Unit 
(USAARU)  evaluated  noise  level,  internal  lighting,  and  heating  and 
ventilation. 

C.  Tests . 

1-  Evaluation  of  Physical  and  Flight  Characteristics,  Per- 
formance, Mission  Suitability,  and  Maintenance.  ’ 

a.  Physical  Characteristics. 

(1)  Basic  and  Operating  Weights.  The  helicopter  was 
weighed  as  delivered  with  oil  and  trapped  (unusable)  fuel.  To  this 
weight  (1880  pounds),  the  weight  of  electronic  auxiliary  equipment  re- 
quired for  Army  use  (92  pounds)  was  added,  and  the  weight  of  currently 
installed  equipment  not  required  for  Army  use  (43  pounds)  was  sub- 
tracted, resulting  in  a total  estimated  basic  weight  of  1929  pounds. 

The  estimated  mission  operating  weight  was  then  computed  by  adding 
to  the  estimated  basic  weight  the  weight  of  fuel  (276  pounds)  and  400 
pounds  (instructor  and  student).  Details  follow: 
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orneiAL  use  on  lit 


EMPTY  WEIGHT  as  weighed  (less  ground- 


handling wheels) 

Required  equipment  to  be  added: 

Shoulder  harness  and  inertia  reel  6 lb. 

(2  ea. ) 

First-aid  kit  and  fire  extinguisher  10  lb. 

AN/ARC-45  (UHF)  27  lb. 

C-1611  interphone  (2  ea.  ) 4 lb. 

Attitude  Indicator  (proposed.)  3 lb. 

Inverter  (proposed)  8 lb. 

MA-7  Battery  34  lb. 

TOTAL  ADDED  92  lb. 


Installed  equipment  to  be  removed: 

Commercial  radio  15  lb. 

Battery  28  lb 

TOTAL  SUBTRACTED  43  lb. 

TOTAL  BASIC  WEIGHT  (estimated) 

Fuel 

Instructor  and  Student 
MISSION  OPERATING  WEIGHT 
REMAINING  AVAILABLE  PAYLOAD 
MAXIMUM  CERTIFICATED  GROSS  WEIGHT 


1880  lb. 


92  lb. 


1972  lb. 


-43  lb. 
1929  lb. 
276  lb. 
400  lb. 
2605  lb. 

495  lb. 
3100  lb. 


iUMC  pum 


f 
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(2)  Center-of-Gravity  Travel.  Control  travel  was 
sufficient  to  provide  control  at  the  extremes  of  allowable  center-of- 
gravity  (CG)  position  at  maximum  certificated  and  normal  operating 
gross  weights.  The  addition,  removal,  or  relocation  of  ballast  or  air- 
craft  components  was  not  necessary  for  the  helicopter  to  remain  within 
CG  limits  when  changes  were  made  in  loading  of  the  helicopter  with 
respect  to  fuel,  instructor,  and  student. 

(3)  Ground  Clearance.  Ground  clearance  was  sufficient 
for  operation  in  unimproved  areas.  At  normal  operating  r.p.m., 
ground-to-main-rotor  clearance  was  satisfactory  with  cyclic  stick 
centered,  but  did  not  meet  specifications  when  cyclic  was  fully  dis- 
placed. 


(4)  Ground-Handling  Characteristics.  Ground-handling 
characteristics  of  the  helicopter,  with  removable  wheels  provided,  were 
satisfactory. 

(5)  Suitability  for  Hoisting,  Jacking,  and  Mooring. 

The  helicopter  was  equipped  with  suitable  jacking  hard  points  and  had 
suitable  locations  on  the  structure  for  attachment  of  mooring  lines. 
Special  hoisting  straps  are  required  for  hoisting  the  helicopter. 

(6)  Suitability  of  External  Power  Receptacle.  The  heli- 
copter was  equipped  with  an  external  power  receptacle  which  was  com- 
patible with  Army  APU's. 

(?)  Adequacy  of  Cockpit  Configuration  and  Arrangement. 
The  cockpit  configuration  and  arrangement  of  the  test  helicopter  were 
evaluated  except  for  those  items  changed  in  the  manufacturer's  technical 
proposal.  The  cockpit  configuration  and  arrangement  were  found  to  be 
satisfactory  except  for  the  following: 

(a)  The  center-left  seating  arrangement  was  unsat- 
isfactory because  of  the  close  proximity  of  the  student's  collective  con- 
trol to  the  instructor's  position. 

(b)  Engine  power  could  be  decreased  when  throttle 
friction  was  applied. 


(c)  The  manifold  pressure  bleed-air  control  was 
located  behind  the  left  instrument  console  ash  tray  and  was  inaccessible. 
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(d)  Installed  seat  belts  did  not  meet  military  specifi- 
cation, 

(e)  The  heater  installed  was  unsatisfactory  because 
it  could  not  be  used  during  hovering  flight. 

(8)  Suitability  of  Internal  Lighting.  The  USAARU 
evaluation  (paragraph  A,  section  two)  is  summarized  as  follows: 

"The  cockpit  and  instrument  panel  illumination  of  this  aircraft  met 

model  specifications." 

(9)  Suitability  of  External  Lighting.  External  lighting 
was  satisfactory  and  met  the  Model  Specification. 

(10)  Durability  and  Reliability.  Durability  and  reliability 
could  not  be  determined  within  the  relatively  short  test  time  specified. 

(11)  Transportability.  The  helicopter  is  capable  of  being 
transported  by  C-123/C-130  type  aircraft  and  surface  transport. 

(12)  Noise  Level.  The  USAARU  evaluation  (paragraph 
A,  section  two)  is  summarized  as  follows:  "Internal  and  external  sound 
pressure  levels  met  model  specifications.  However,  numerous  internal 
measurements  exceed  the  military  specifications  for  acoustical  noise 
levels  in  Army  aircraft." 

b.  Flight  Characteristics.  The  helicopter  was  flown  at 
gross  weights  up  to  the  maximum  certificated  (3100  pounds).  The 
following  was  determined: 

(1)  Stability.  Stability  was  satisfactory.  ’Hands-off" 
cruising  flight  was  possible  for  all  but  moderate-to-severe  turbulent 
conditions  with  stability  augmentation  system  (SAS)  on.  Overall  sta- 
bility of  the  helicopter  was  unsatisfactory  with  the  SAS  off. 

(2)  Controllability.  Controllability  was  satisfactory. 
Control  response  was  positive  and  of  a rate  suitable  for  primary  heli- 
copter training  with  SAS  on.  Control  travel  was  adequate  to  provide 
the  necessary  controllability  for  maneuvers  performed  in  primary 
helicopter  training.  Controllability  was  unsatisfactory  with  SAS  off. 

(3)  Boost  Off  Flight.  With  hydraulic  boost  turned  off, 

a definite  lateral  instability  problem  existed.  Because  of  this  instability, 
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hover  flight  was  extremely  tiring  and  dangerous  from  the  standpoint  of 
controllability.  In  cruise  flight  with  the  hydraulic  boost  turned  off, 
control  forces  were  acceptable.  Autorotations  with  the  hydraulic  boost 
turned  off  were  not  attempted  because  of  the  lateral  instability  problem. 

c.  Performance.  The  helicopter  was  flown  at  the  maximum 
certificated  gross  weight  (3100  lb.  ) and  estimated  mission  operating 
weight  (2605  lb)  to  determine  whether  it  met  the  performance  criteria 
stated  in  the  Model  Specification.  The  following  was  determined: 

(1)  The  helicopter  was  capable  of  cruising  at  65  knots 
true  airspeed  (TAS)  at  sea  level. 

(2)  Endurance  at  65  knots  (TAS)  was: 

(a)  2.  6 hours  at  3100  pounds  at  4300  feet  density 
altitude , 

(b)  3.0  hours  at  2605  pounds  at  3900  feet  density 
altitude . 

(3)  Hover-out-of-ground  effect  was  accomplished  at  a 
density  altitude  of  4400  feet  which  is  equivalent  to  a pressure  altitude 
of  1000  feet  with  an  ambient  temperature  of  110°  F. 

(4)  The  rates  of  climb  under  ICAO  sea  level  standard 
day  conditions  at  35  knots  (TAS)  were: 

(a)  1110  feet  per  minute  at  3100  pounds. 

(b)  1350  feet  per  minute  at  2605  pounds. 

(5)  The  autorotational  performance  was  determined  at 
4400  feet  density  altitude  (1000  feet  pressure  altitude  at  110°F.)  and  at 
a true  air  speed  of  37  knots  for  maximum  gross  weight.  Tested  under 
these  conditions,  the  following  rates  of  descent  were  determined: 

(a)  1680  feet  per  minute  at  3100  pounds. 

(b)  1640  feet  per  minute  at  2605  pounds. 

(6)  In  autorotation  under  those  conditions  (paragraph 
(5)  above),  the  helicopter  regained  normal  rotor  r.p.m.  following  a 
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decay  of  rotor  r.p.  m.  to  the  lower  operating  limit  with  an  average  of 
a 190-foot  loss  of  altitude. 


(7)  The  helicopter  is  not  susceptible  to  ground 

resonance. 

(8)  The  helicopter  was  capable  of  landing  cross  slope 
on  15-degree  slopes. 

d.  Mission  Suitability.  This  portion  of  the  test  was  con- 
ducted by  the  USAPHS.  Their  report  (paragraph  B,  section  two)  is 
summarized  as  follows:  "The  evaluation  considered  the  areas  of  flight 
controls,  stability,  power  reserve,  autorotative  characteristics,  lati- 
tude for  student  error,  training  endurance,  location  of  controls  and 
ground  resonance.  In  each  of  these  areas,  USAPHS  found  the  aircraft 
acceptable  for  its  intended  mission.  " 

e.  Maintenance. 

(1)  During  the  evaluation,  the  helicopter  was  maintained 
by  the  manufacturer's  representative  with  military  personnel  provided 
for  servicing,  general  assistance,  and  maintenance  of  records.  Mainten- 
ance requirements  will  not  differ  from  those  of  Army  helicopters  presently 
used  for  the  primary  helicopter  training  mission. 

(Z)  Engine  operation  was  trouble  free  on  standard  Army 
aviation  fuel  (115/145)  and  lubricants. 

(3)  The  helicopter  was  easy  to  service  and  maintain. 

(4)  During  the  test,  an  engine  and  main  rotor  head 
change  was  required. 


(5)  Tools  and  ground  support  equipment  normally  found 
at  the  organizational  level  were  adequate  for  organizational  maintenance. 
Special  tools  are  required  for  higher  echelons  of  maintenance. 

Z.  Evaluation  of  Manufacturer's  Technical  Proposal.  The 
manufacturer's  technical  proposal  to  configure  the  test  helicopter  to 
meet  the  Model  Specification  was  reviewed  and  the  following  was  de- 
termined. 
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a#  Proposed  electronic  configuration  was  satisfactory. 


b.  Required  floor-mounted  and  cyclic -control-mounted 
radio-interphone  keying  switches  were  proposed  for  both  student  and 
instructor  pilot  stations. 


not  specified. 


c.  Required  shoulder  harnesses  with  inertia  reels  were 


d.  Proposed  alternate  left-right  seating  is  considered 
superior  to  seating  arrangement  installed  on  test  helicopter  (left, 
instructor,  center,  student),  because  of  improved  visibility  for  student 
and  elimination  of  the  possibility  of  the  instructor  interfering  with  the 
student  pilot's  collective  pitch  movements. 


An  attitude  indicator  was  proposed. 


f.  The  USABAAR  evaluation  (paragraph  C,  section  two) 
is  summarized  as  follows;  "The  evaluation  conuidered  the  categories 
of  Operational  Safety,  Maintenance  Safety,  and  Crashworthiness.  In 
each  of  these  categories,  USABAAR  found  the  aircraft  to  be  acceptable 
for  its  intended  mission.  Certain  discrepancies,  which  would  detract 
from  its  mission  capability,  were  noted.  " 

g.  The  USAAHUMRU  evaluation  (paragraph  D,  section 

two)  is  summarized  as  follows:  "The  human  factors  design  of  the 

crew  area  of  the  PH-7  was  found  to  be  adequate  for  mission  accom- 
plishment with  the  exception  of  the  heating  system." 


3.  Comparison  with  Model  Specification  and  Statement  of 
Requirement.  In  determining  whether  the  PH-7  met  the  requirements 
of  the  Model  Specification  and  Statement  of  Requirement,  the  charac- 
teristics of  the  helicopter  as  tested  and  an  evaluation  of  the  manufac- 
turer's technical  proposal  were  considered. 

a.  Comparison  with  Model  Specification. 


Mod- 
Spec . 
Para.  No. 


Model  Specification 
as  Amended 


PH-7 

Meets 

Spec. 


Remarks 


- 
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1.2 
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SCOPE. 


Scope . This  detailed  speci- 
fication covers  the  essential 
requirements  for  the  design 
of  a single  engine  primary 
helicopter  trainer  capable 
of  performing  the  mission 
specified  in  1.2. 

Designation  and  General 
Description. 

Army  Model  Designation  - 
Primary  Helicopter  Trainer 
(Army  Model  Number  not 
yet  assigned) 

Number  of  crew  - 1 pilot 

Number  of  passengers  - 
1 student 

Crew  and  passenger  seat- 
ing arrangement  - side  by 
side 

Flight  Controls  - Dual 

Type  of  Engine  - 
Reciprocating 

Main  Rotor  System  - 
Single 

Mission.  The  primary 
Army  mission  for  which 
the  helicopter  will  be  em- 
ployed is  training  of  mili- 


■ — 


205 


Model  Specification 
as  Amended 


tary  pilots  in  the  basic 
operation  and  performance 
of  a helicopter.  Training 
will  be  accomplished  under 
conditions  to  which  Visual 
Flight  Rules  apply. 

Federal  Aviation  Agency 
Certification.  The  helicop- 
ter will  have  a Part  6 
standard  airworthiness 
certificate  issued  by  the 
Federal  Aviation  Agency. 

Performance  Information. 
Those  items  of  perform- 
ance stated  as  requirements 
herein  which  are  not  in- 
cluded in  the  FAA  approved 
flight  manual  are  subject  to 
verification  by  the  US  Army. 


Meets 


Remarks 


Test  helicopter 
was  not  FAA  cer 
tificated  and  did 
not  have  a type 
inspection  report 
issued  by  FAA. 


APPLICAI 


DOCUMENTS. 


The  documents  applicable 
to  this  specification  are 
those  necessary  to  fulfill 
the  requirements  of  para- 
graph 1.  3,  Federal  Avia- 
tion Agency  Certification. 

requirements. 

Basic  Weight.  The  basic 
weight  of  the  helicopter 
will  include  all  required 
installed  equipment  includ- 
ing the  items  of  paragraph 
3.7,  3.8.  1.  1,  3.8.  1.2  and 


Tested  helicopter 
did  not  have  TIR. 


Mod. 
Spe  c. 
Para . 

3.2 


3.  3 


3.  4 
3.  4.  1 


Model  Specification 
No.  as  Amended 


the  Electronic  Equipment 
as  stated  in  Table  E, 

Appendix  I. 

Center  of  Gravity  Travel . 

Addition,  removal  or  re- 
location of  ballast  or  air- 
craft components  will  not 
be  necessary  in  order  to 
maintain  the  CG  within  CG 
limits  due  to  changes  in 
loading  of  the  helicopter 
with  respect  to  fuel,  pilot 
and  student. 

Useful  Load.  The  useful 
load  of  the  helicopter  will 
be  sufficient  for  400  lbs. 
in- -addition  to  the  fuel  and 
oil  necessary  to  accomplish 
the  21/2  hour  endurance 
mission  specified  in  para- 
graph 3.4.1. 

Required  Performance. 

ICAO  Sea  Level  Standard 
Day  Performance  (at  cer- 
tificated gross  weight). 

Cruise  Speed  {Minimum)  - Yes 

65  knots 

Endurance  (Minimum)  - Yes 

2 1/2  hours  at  65  knots 
cruise  speed. 

Rate  of  Climb  (Minimum)-  Yes 

1000  ft.  per  minute 


PH-7 
Meets 
Spec . 


Yes 


Yes 


Remarks 
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Mod. 

Spec.  Model  Specification 

Para.  No.  as  Amended 


PH-7 

Meets 

Spec . Remarks 


3.4.2 


3.  4.  3 


3. 4. 3.  1 


3.4.  3.2 


3.4.  3.  3 


Hovering  Performance 
Requirement . At  certifi-  Yes 
cated  gross  weight  the  air- 
craft shall  hover  out  of 
ground  effect  at  1000  ft. 
at  110°  F. 

Autorotation  Characteris- 
tics  (at  certificated  gross 
weight). 

Normal  Autorotation  Speed. 

The  manufacturer  will  de-  Yes 
signate  a speed  for  normal 
autorotation  not  to  exceed 
45  knots . 

Rate  of  Descent.  At  the  Yes 

speed  designated  in  3. 4. 3. 1 
the  helicopter  will  not 
exceed  a stabilized  auto- 
rotation rate  of  descent  of 
2200  feet  per  minute  under 
conditions  of  1000  ft.  alti- 
tude and  110°  F. 

Rotor  RPM  Decay.  In  auto-  Yes 
rotation  at  the  speed  in 
3.4.  3.1  and  conditions  of 
1000  ft.  and  110°F.  , if 
rotor  RPM  decays  to  the 
lower  rotor  RPM  limit, 
the  helicopter  will  be  ca- 
pable of  regaining  normal 
operating  RPM  (as  speci- 
fied by  the  manufacturer) 
and  with  an  altitude  loss 
not  to  exceed  200  feet. 
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Mod. 
Spec . 
Para. 

3.  5 

3.  5.1 

3.  5.  1 

3.  5.  1 

3.5.1. 


3.  5.  1. 

3.  5.2 
3.5.2. 

3.  5.  3 


No. 


PH-7 

Model  Specification  Meets 

as  Amended Spec . 


Aircraft  Structure 


Landing  Gear . 

• 1 Type  Landing  Gear.  Skid  Yes 

type  landing  gear  which 
will  permit  running  take- 
offs and  landings. 

• 2 Slope  Landings.  The  land-  Yes 

ing  gear  will  permit  cross 
slope  landings  on  slopes  of 
15°. 


3 Ground  Handling.  Ground  Yes 

handling  wheels  are  re- 
quired. Weight  of  the 

ground  handling  wheels 
will  not  be  included  in  the 
weight  empty  if  they  are 
detachable . 

4 Hoisting,  Jacking  and 

Mooring.  Provisions  will  Yes 

be  made  for  hoisting,  jack- 
ing and  mooring. 

Main  Rotor  B lades. 

1 Blade  Intercha nge ability. 

The  main  rotor  olades  will  Yes 

be  individually  interchange- 
able . 

Control  Pedals  . Both  sets  Yes 

of  directional  control  pedals 
of  the  aircraft  will  be 
adjustable . 
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Remarks 


Mod  . 

Spec . 
Para.  No. 


Model  Specification 
as  Amended 


PH-7 
Meets 
Spec . 


Remarks 


3.  5.  4 


Operating  Environment. 


3 . 5.4.1  Aircraft  Operation.  The 

aircraft  will  be  capable  of 
operating  in  temperatures 
from  0°F.  to  +100°F. 

3.  5. 4 .2  Cabin  Heating.  The  air- 

craft will  have  a heating 
system  which  provides  a 
minimum  of  50°F.  cabin 
temperature  with  0°F. 
outside  air  temperature. 

This  condition  need  only 
be  satisfied  with  the  engine 
ope  rating. 

3 . 6 Fuel  and  Lubricants.  The 

engine  will  operate  on  such 
fuel  and  lubricants  which 
are  now  established  as  stan- 
dard by  the  US  Army. 

(Ref.  MIL  G-5572C  dated 
12  Jul  60  and  MIL-L- 22851 
dated  30  June  61  and  MIL- 
L-6082C,  dated  18  May  61.  ) 

3 . 7 Instruments  and  Navigational 

Equipment.  Flight  instru- 
ments and  lights  for  day  and 
night  VFR  conditions  shall 
be  furnished  and  installed 
by  the  contractor. 

An  attitude  indicator  shall 
be  provided  as  part  of  the 
basic  aircraft  instrumenta- 


Unde-  Temperatures 
ter-  during  tests  ranged 
mined  from  75°F.  to  95°F. 


Unde-  Heater  was  placarded 

ter-  prohibiting  opera- 

mined  tion  during  hover. 

Due  to  temperature 
ranges  this  test 
could  not  be  con- 
ducted. 


mi 
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Mod. 

Spec.  Model  Specification 

Para.  No.  as  Amended 


PH-7 

Meets 

Spec . Remarks 


3.  8 


Electrical . 


t 


3.  8.  1 


Lighting . 


I 


3.8.1.  1 Anti-Collision  Light.  The  Yes 

aircraft  will  have  an  anti- 
collision light.  The  light 
will  be  located  to  prevent 
reflection  into  the  cockpit. 


3.8.  1.2  Landing  Light(s).  The  air-  Yes 

craft  will  be  equipped  with 
landing  light(s)  which  will 
be  adjustable  The  landing 
light  switch  will  be  located 
on  the  pilot's  cyclic  or 
collective  control. 


3.8.2  Power  Receptacle.  The  Yes 

aircraft  will  be  equipped 
with  an  external  power 
receptacle  of  an  AN  or 
AMS  standard  design. 


3.8.3  Switches  and  Auxiliary 

Controls  All  switches  Yes 

and  auxiliary  controls 
necessary  for  flight  and 
navigation  will  be  acces- 
sible and  within  reach  of 
the  stude.nt  pilot  and  the 
instructor  pilot.  Switches 
and  controls  shall  be 
operable  in  flight  by  per- 
sonnel wearing  winter  flight 
clothing . 

Accessible  floor  mounted  Yes 

and  cyclic  control  mounted 
radio-interphone  switches 


I 
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Mod. 

Spec.  Model  Specification 

Para.  No.  as  Amended 


PH-7 
Meets 
Spec . 


will  be  provided  for  both 
student  pilot  and  instructor. 


3-9  Electronic  Equipment.  The  Yes 

aircraft  will  be  equipped 
with  the  electronic  equip- 
ment as  indicated  in 
appendix  I. 


Safety  Equipment.  Seat  Yes 

belt  and  shoulder  harness 
will  be  furnished  for  all 
occupants . 

APPENDIX  I 

Communication 


UHF  - AN/ARC-45,  1 ea.  Yes 

ICS  - C-1611,  2 ea.  Yes 

Miscellaneous 

Antenna  - AT-450/ARC,  Yes 

1 ea. 

Battery  - Sonotone  MA-7,  Yes 

1 ea . 

Inverter  (If  required  either  Yes 

inverter  listed  will  be  a 

suitable  substitute  for 

standard  equipment.  ) - 

Leland  MIL-E-93-200  or 

Bendix  328-172-1,  1 ea. 


Remarks 


Seat  belts  did  not 
meet  military 
specification. 


GFE 

GFE 


GFE 


Technical  proposal 
specifies  MIL-E- 
93-200. 
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b.  Comparison  with  Statement  of  Requirement.  A com- 
parison with  the  Statement  of  Requirement  (reference  4),  excluding 
those  requirements  covered  by  the  Model  Specification,  follows: 


Requirement 


PH-7  Meets 

Requirement  Remarks 


Size . 


It  is  desired  that  the  external 
dimensions  of  the  helicopter, 
less  rotor,  not  exceed  8 feet 
in  height,  23  feet  in  length, 
and  7 feet  in  width. 


With  full  cyclic  movement, 
the  rotor  blade  tip  clearance 
above  the  ground  level  should 
not  be  less  than  6 feet  with 
rotors  turning. 


A minimum  rotor  diameter 
consistent  with  good  autoro- 
tative  characteristics  is 
desired. 


The  following  will  be  required: 


Main  rotor  blades  which  are 
interchangeable,  without  re- 
tracking desirable 


If  more  than  two  main  rotor 
blades,  provisions  should  be 
provided  for  simple  expedi- 
tious folding  and  unfolding. 


It  shall  be  free  from  ground 
resonance . 


Yes 


Helicopter  height  10.2 
feet,  length  27.  8 feet, 
and  width  7.  5 feet. 


Yes 


Yes 


N/A 


With  cyclic  centered 
and  at  normal  rotor 
r.p.m.,  ground-to- 
main-rotor  clearance 
was  satisfactory. 


Requirement 

Suitable  seat  belt  and  shoulder 
harness  for  both  student  pilot 
and  instructor. 


Electrical . 

The  following  are  required: 

Lighting;  adequate  position, 
cockpit,  anti-collision  and 
landing  lights  for  night  flight. 
Position  and  anti-collision 
lights  to  be  positioned  to  pre- 
vent reflection  into  cockpit; 
landing  light  to  be  adjustable. 

Durability  and  Reliability. 

Engine  and  dynamic  compo- 
nents should  not  be  materially 
affected  by  dust,  sand, 
moisture,  etc.,  encountered 
in  operation  from  unprepared 
areas . 


PH-7  Meets 
Requirement 


Remarks 

Seat  belts  did  not  meet 
military  specification 
and  inertia  reels  were 
not  specified  in  the 
technical  proposal. 


Undetermined 


Noise  Level. 


The  lowest  possible  noise, 
level  is  desired  without  use 
of  a complex  or  elaborate 
muffler  system  or  extension 
or  heavy  insulation. 

Personnel  Considerations. 

No  new  personnel  skills  will  be 
required. 


Exceeded  MIL-A-8806 
in  all  areas  (reference 
paragraph  A,  section 
two). 


Due  to  similarity  of 
the  helicopter  to  other 
helicopters  in  the  Army 
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PH-7  Meets 

Requirement  Remarks 


Requirement 


inventory,  no  new 
skills  will  be  required 


Training  Considerations 


No  new  training  requirements 
will  be  generated 


No  new  training  re- 
quirements for  techni 
cal  service  schools 
are  required. 


No  supporting  training  de- 
vices other  than  those  on 
hand  at  the:  US  Army  training 
base  are  required. 


D.  Deficiencies  and  Shortcomings 


1.  The  following  deficiencies  were  noted  during  conduct  of  the 
test: 


Deficiencies 


Suggested  Corrective  Action 


a.  Installed  seat  belts  did  not 
meet  military  specification. 


Install  seat  belts  which  meet 
military  specification. 


b.  Heater  was  unsatisfactor 
caust  it  could  not  be  used  du 
hovering  flight. 


Provide  satisfactory  heater  in 
stallation . 


Provide  satisfactory  stability 
with  hydraulic  boost  off. 


d.  Controllability  with  hydraulic 
boost  off  was  unsatisfactory. 


Provide  satisfactory  controlla 
bility  with  hydraulic  boost  off. 


Install  inertia  reels  for  shoulder 
harnesses . 


e.  Inertia  reels  for  shoulder 
harnesses  were  not  specified 


1 


2.  The  following  shortcomings  were  noted  during  conduct  of 


the  test: 

Shortcoming 

a.  Center-left  seating  arrange- 
ment was  considered  unsatisfac- 
tory because  of  the  close  prox- 
imity of  the  student's  collective 
control  to  the  instructor's  posi- 
tion. 

b.  Engine  power  can  be  inadver- 
tently decreased  when  increasing 
throttle  friction. 

c.  Manifold  bleed-air  control 
was  located  behind  the  left  in- 
strument console  ash  tray  and 
was  inaccessible. 

d.  Magnetic  chip  detectors  were 
not  installed. 


e.  Heater  could  not  be  operated 
at  a hover. 


Suggested  Corrective  Action 

Provide  left-right  seating  arrange- 
ment. 


Provide  throttle  friction  that 
tightens  in  the  same  direction  as 
application  of  power. 

Relocate  manifold  bleed-air 
control. 


Install  magnetic  chip  detectors 
of  the  continuous  read-out  type 
type  in  the  transmission  and 
engine  oil  sumps. 

Relocate  heater  intake  valve. 


SECTION  TWO 


Reports  from  Other  Agencies  on  the  PH -7 


US  Army  Aeromedical  Research  Unit 


US  Army  Primary  Helicopter  School 


US  Army  Board  for  Aviation  Accident  Research  235 


US  Army  Aviation  Human  Research  Unit 


paragraph  a 


Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 

USAARU-FO  29  Juiy  1963 

REPORT  ON  PH-7 

1.  Method  of  Testing, 

a.  The  heating  and  ventilation  evaluation  of  the  PH-7  consisted 
of  comparisons  of  outside  air  temperature  and  cockpit  air  temperature 
with  the  aircraft  under  all  operating  conditions.  In  conjunction  with 
these  checks,  a carbon  monoxide  test  was  also  made. 

b.  Equipment  consisted  of: 

H)  Weston  Aneroid  Thermometer,  Model  2291. 

(2)  Mine  Safety  Appliance  Company  Carbon  Monoxide 
Tester,  Category  No.  DS-47133. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Although  reasonably  high  temperatures  were  encountered  on 
the  aircraft  with  doors  on,  windows  closed  and  vents  closed  (see  Annex 
A),  it  is  felt  that  this  aircraft  will  rarely  be  operated  under  those  con- 
ditions with  existing  outside  temperatures  in  the  90,JF.  range. 

b.  The  recommended  maximum  temperatures  for  clothed  men 
not  especially  acclimatized  are  a-  follows: 

(1)  Resting  in  still  air  - 88‘F. 

(2)  Resting,  with  some  air  movement  (170  FPM  air  velo  - 
city)- 93°F. 

(3)  Moderate  work,  still  air  - 78°F. 

Reference:  Patty,  Frank  A.,  Industrial  Hygiene  & Toxicology  (2d  ed.  , 
Vol.  1;  New  York:  Interscience  Publishers  Inc.  , 1958). 
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c.  Comparing  recommended  working  temperatures  (see  above) 
with  temperatures  found  in  aircraft  (see  Annex  A),  a mean  working  tem- 
perature of  95°F.  was  derived.  This  is  felt  to  be  within  limits  with 
existing  outside  air  temperature  running  in  the  90°F.  range. 

d.  Carbon  monoxide  was  not  found  in  this  aircraft  at  any  time. 

e.  The  heater  was  checked  with  aircraft  on  the  ground,  engine 
at  operating  RPM,  door,  vents,  and  windows  closed.  With  outside  air 
being  in  the  90°F.  range,  cockpit  temperature  rose  to  above  120°F. 
within  3 minutes.  Heater  is  felt  to  be  excellent. 


/ s/  J.  C.  Roth  well 

1 Incl  It/  J.  C.  ROTHWELL 

as  Captain,  MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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HEATING  AND  VENTILATION  EVALUATION  OF  OFF-THE 


SHELF  HELICOPTER  TRAINERS 


Analyzed  by:  Captain  Rothwell 


Date:  14  June  1963 


TEMP 


A/C  I Out 


VENTILATION 
On  Ground 

Doors  Off  (P)  


Doors  On  - Window  Open 


Doors  On  - Window  Closed,  Vent 


Doors  On  - Window  Closed,  Vent  Closed 


Hover 

Doors  Off  (P 


Doors  On  - Window  Open 


Doors  On  - Window  Closed,  Vent  Open 


Doors  On  - Window  Closed,  Vent  Closed 


In-Flight 

Doors  Off  (P 


Doors  On  - Window  Open 


Doors  On  - Window  Closed,  Vent  Open 


Doors  On  - Window  Closed,  Vent  Closed 


HEATING 

On  Ground,  Engine  at  operating  RPM, 
doors,  vents  and  windows  closed 


Heater  "Off” 


Heater  "On" 


A/C 

Out 

96 

95 

98 

95 

100 

95 

104 

95 

95 

94 

98 

94 

103 

94 

105 

94 

93 

92 

92 

92 

100 

92 

102 

92 

98 

97 

126 

104 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 
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29  July  1963 


NOISE  EVALUATION  OF  THE  PH-7 


* 
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1 . Methods  and  Equipment. 

a.  Due  to  the  number  of  aircraft  to  be  tested  and  the  short  time 
available,  the  noise  analysis  was  limited  to  the  following: 

(1)  "A"  - 24-55  db:  sound  level  for  speech  interference. 

(2)  "B"  - 55-85  db:  sound  level  for  noise  survey. 

(3)  "C"  - 85-140  db:  sound  pressure  level- -over-all  fre- 
quency response. 

b.  A General  Radio,  Sound-Level-Meter,  type  1551-C,  v.as 
used  for  the  noise  measurements. 

c.  The  test  area,  located  at  County  Line  Strip,  is  a pre-marked 
compass  rose  with  a 50  foot  radius. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 


Doors  On 

Doors  Off 

MIL-A-8806 

Normal  cruise 

109 

114 

106 

Maximum  cruise 

110 

114 

113 

a.  Operation  of  this  helicopter  at  normal  and  maximum  cruise 
with  the  doors  on  or  off  produced  excessive  sound  pressure  levels  of 
109,  110,  and  114  which  exceed  Tables  I and  IV  MIL-A-8806. 

b.  There  are  no  military  specifications  for  external  noise. 
Raw  data  is  included  for  purpose  of  comparison  only. 
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4.  Summary.  Improvements  should  be  made  to  reduce  noise  levels 
to  meet  military  specifications  (MIL-A- 8806) . 


1 Incl 


/ s/  William  C.  Thrasher 
/ 1/  WILLIAM  C.  THRASHER 
2/Lt.  , MSC 

Ass’t  Chief,  Avn  Fid  Opns  Div 
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NOISE  LEVEL  MEASUREMENTS-OC'IAVE  BAND  ANALYSIS 
DATA  COLLECTION  SHEET 


Lt  W.  C.  Thrasher 
Analyzed  by  S/Sgt  Lonnie  Parsons 


Date  14  June  1963 


PH-7 


Indie 

Air  Mani- 


DOORS-ON 


A 

B 

C 

92 

100 

105 

99 

105 

109 

100 

106 

109 

100 

105 

109 

102 

106 

110 

fold 

RPM 

9.  5" 

2100 

16 

3200 

19.3 

3200 

22 

KHsEl 

1 24 

1 3200 

Aviation  Field  Operations  Division 
S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 


USAARU-FO 


29  July  1963 


EIGHT  EVALUATION  OF  THE  PH -7 


1.  Methods  and  Equipment. 


a.  The  evaluation  consisted  of  in-flight  analysis  of  the  air- 
craft's lighting  system  under  night  conditions.  Criteria  for  this  evalua- 
tion were  derived  from  U.  S.  Navy  Specifications  governing  ccckpit  and 
instrument  panel  illumination  modified  to  meet  Army  requirements. 

b.  A standard  Norwood  photo-electric  meter  was  used  to 
measure  overall  cockpit  illumination  from  the  auxiliary  hand  light  or 
map  light. 


2.  Results.  (See  Annex  A) 


3.  Discussion. 


a.  All  instruments  were  adequately  illuminated  with  stand. ud 
red  light  with  the  exception  of  the  lower  instrument  panel  and  control 
console  which  were  completely  dark. 

b.  Reflections  from  the  instrument  panel  lights  were  noted  on 
the  right  and  left  sides  of  the  bubble.  These  reflections  should  be 
eliminated  to  assure  adequate  peripheral  vision. 

c.  Warning  and  caution  lights  should  be  dimmed  for  night 
operations  in  order  to  safeguard  the  pilot's  night  vision. 

d.  The  map  light  should  be  mounted  in  a position  convenient 
for  the  student  to  read  approach  plates  and  charts  while  flying  the  air- 
craft. 
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4.  Summary.  By  improving  the  deficiencies  mentioned  above, 
the  cockpit  illumination  of  this  aircraft  could  satisfy  military  illumina- 
tion standards  for  a primary  and  instrument  trainer. 


1 Incl 


/ s / William  C.  Thrasher 
/t/  WILLIAM  C.  THRASHER 
2/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDiCAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 

COCKPIT  LIGHT  STUDY 
PH-7 

1 . Are  all  instruments  adequately  illuminated?  No  (Note  para  3a) 

2.  Are  they  illuminated  uniformly?  No  Is  there  sufficient  inten- 
sity? Yes 

3.  Is  illumination  controllable  to  very  low  intensities?  Yes  (Rheostat) 

4.  Are  markings  of  instruments  readable?  Yes 

5.  Are  all  controls,  instructions,  and  nameplates  adequately  illumi- 
nated? No  (note  para.  3a). 

6.  Are  they  illuminated  uniformly?  No  Is  there  sufficient  inten- 
sity? No 

7.  Is  illumination  controllable  to  very  low  intensities?  Yes 


8.  Are  markings  on  controls,  instructions  and  nameplates  readable? 


9.  Is  the  intensity  of  lighting  for  some  instruments  and  controls  con- 
trolled -eparately?  Yes,  an  auxiliary  light. 

10.  Is  flood  lighting  provided?  Yes  Is  the  light  standard  red?  Yes 


11.  Is  the  power  source  independent  of  normal  lighting  circuit?  Yes 


12.  Are  there  any  sources  of  light  which  give  other  than  standard  red 
light?  No 

13.  Are  there  any  reflections  in  the  windshield,  windows,  canopy  cr 
other  reflecting  surfaces  which  interfere  with  visibility  inside  or 
outside  the  cockpit?  Y'es  (note  para  3b). 

14.  Is  there  light  leakage  into  the  cockpit  from  other  compartments? 

No 


Annex  A 
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15.  Are  spare  lamps  provided  in  sufficient  quantity  and  easily  acces- 
sible? N/A 

16.  Are  all  instruments,  instructions,  nameplates,  and  control  mark- 
ings readable  in  daylight?  Yes 

17.  Can  warning  and  caution  lights  be  dimmed  sufficiently  for  night 
operations?  No  (note  para  3c) 

18.  Are  warning  and  caution  lights  of  sufficient  intensity  for  daylight 
use?  Yes 

19.  Are  warning  and  caution  lights  on  the  main  dimming  circuit?  No 

20.  Is  lighting  provided  in  accordance  with  the  aircraft  detail  specifi- 
cation? — 

21.  Is  the  light  adequate  for  reading?  Yes 

22.  Does  the  light  cause  glare  to  cockpit?  No 

23.  Is  there  adequate  general  illumination  for  the  compartment? 

No  (note  para  3d) 

24.  Do  any  of  the  exterior  lights  provide  glare  in  the  cockpit?  No 

25.  Is  exterior  lighting  provided  in  accordance  with  FAA?  Yes 

Map  light  rated  at  32  footcandles  with  light  14  inches  from  photometer. 
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PARAGRAPH  B 


HEADQUARTERS 

UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 
Fort  Wolters,  Mineral  Wells,  Texas 

AKPWO-HS  30  September  1963 


SUBJECT:  Evaluation  of  Mission  Suitability  of  the  Primary 
Helicopter  Trainer  (Off  the  Shelf)  USATECOM 
Project  No.  4-3-1000-01-A 


TO:  President 

US  Army  Aviation  Test  Board 
Fort  Rucker,  Alabama 


Attached  hereto  are  reports  of  evaluation  of  mission 
suitability  for  the  PH-6,  PH-7,  and  PH-9  Helicopters. 


3 Incls 

1.  PH-6 

2.  PH -7 

3.  PH-9 


/s/  J.  E.  Gonseth,  Jr 
It/  J.  E.  GONSETH,  JR 
Colonel,  Signal  Corps 
Commandant 
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EVALUATION  OF  MISSION  SUITABILITY  OF  THE 
PH-7  HELICOPTER  AS  CONDUCTED  BY  THE 
UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 

1 • Scope.  Experienced  primary  flight  instructors  from  the  US 
Army  Primary  Helicopter  School  conducted  primary  flight  training 
with  qualified  student  officers  with  no  previous  flight  experience  and 
transition  training  for  rated  Army  aviators  with  varied  experience  in 
observation  helicopters.  The  helicopter  was  repeatedly  flown  through 
typical  training  missions  with  the  students  being  required  to  perform 
maneuvers  included  in  the  approved  flight  syllabus  of  the  US  Army 
Primary  Helicopter  School,  Fort  Wolters,  Texas. 

2.  Findings. 

a.  Hovering.  The  helicopter  performed  this  maneuver  in  an 
acceptable  manner. 

b.  Normal  Take-Off  and  Normal  Approach.  The  helicopter 
performed  this  maneuver  in  an  acceptable  manner,  except  the  center 
seating  position  of  the  student  pilot  places  him  behind  the  console 
which  blocks  forward  visibility  at  approach  termination. 

c.  Maximum  Performance  Take-Off  and  Steep  Approach.  The 
helicopter  performed  this  maneuver  in  an  acceptable  manner,  except 
the  center  seating  position  of  the  student  pilot  places  him  behind  the 
console  which  blocks  forward  visibility  at  approach  termination. 

d.  Running  Take-Off  and  Landing.  The  helicopter  performed 
this  maneuver  in  an  acceptable  manner. 

e-  Hovering  Autorotations.  The  helicopter  performed  this 
maneuver  in  an  acceptable  manner. 

f.  Autorotations . The  helicopter  performed  this  maneuver  in 
an  acceptable  manner;  however,  the  rate  of  descent  in  autorotation  is 
higher  than  desired  for  a Primary  Trainer.  Forward  visibility  from 
the  center  seat  is  poor. 
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g-  Simulated  Forced  Landing;-.  The  helicopter  performed  this 
maneuver  in  an  acceptable  manner;  however,  the  rate  of  descent  in  auto 
rotation  ts  higher  than  desired  for  a Primary  Trainer.  Forward  visi- 
bility from  the  center  seat  is  pocr. 


h.  Decelerate  ns.  The  helicopter  performed  this  maneuver  in 
an  acceptable  manner. 


i.  Simulated  Anti- Torque  Control  Failure.  The  helicopter  per 
formed  this  maneuver  in  an  acceptable  manner. 


3.  Comparison  with  Criteria  for  Evaluation  of  Mission  Suitability 
)ff  the  Shelf1'  Primary  Helicopter  Trainers.  A comparison  of  the 
acteristics  cf  the  helicopter  with  the  Criteria  for  Evaluation  follows 


Helicopter 

Meets 

Criteria 


Criteria  for  Evaluati 


Flight  Controls  (Cyclic,  collective 
and  anti-torque):  Must  have  a rapid 
and  positive  response  with  no  ten- 
dency to  over-shoot  in  respor  -e  to 
corrections  in  powered  and  r.cr- 
powered  flight  due  to  the  general 
inability  of  the  student  pilot  to  treat 
any  aircraft  with  the  =ame  finesse 
and  care  of  a seasoned  pilot. 


Stability:  Inherent  stability  in  the 
vertical,  longitudinal  and  lateral 
axis  that  will  absorb  power  change - 
(power  to  non-power  and  non- power 
to  power,  intentional/ inadvertent} 
with  minimum  corrective  action  re  - 
quired to  regain  positive  control. 


Power  Reserve:  Provide  an  ade- 
quate power  reserve  that  will  allow 
the  instructor  pilot  to  contain,  or 
recover  from  unusual  situations  in- 
duced by  student  errors. 


Criteria  for  Evaluation 

Autorotative  Characteristics:  Rotor 
mass  and  inertia  adequate  to  allow 
for  student  error  in  autorotative 
landings. 


Latitude  for  Student  Error:  Inher- 
ent flight  characteristics  that  will 
allow  a student  tc  make  an  identifi- 
able error  and  still  have  sufficient 
latitude  for  the  student  pilot  and / or 
instructor  pilot  to  make  a recovery. 
No  preflight  or  starting  techniques 
that  would  demand  detailed  proce- 
dure or  unusual  knowledge  on  the 
part  of  the  student  pilot  and  instruc- 
tor pilot. 

Training  Endurance  Considerations: 
Adequate  ventilation,  heating  and 
defrosting  equipment.  Ample  shoul- 
der room  between  instructor  pilot 
and  student  and  between  collective 
pitch  control  and  the  door.  Com- 
fortable seat  cushions  to  allow  four 
hours  of  flight  without  undue  fatigue. 

Location  of  Controls:  Trim  controls 

if  required  on  each  cyclic  stick. 

Any  control  locking  or  safety  devices 
in  sight  and  reach  of  the  instructor 
pilot. 

Ground  Resonance:  Must  be  free 
from  ground  resonance. 


Helicopter 

Meets 

Criteria 


Remarks 

The  PH-7  meets 
the  autorotative 
characteristics 
criteria  with  the 
exception  of  a 
higher  rate  of  de- 
scent than  desired 
in  a primary  train- 
er. See  para  2 f 
ar.d  g. 


The  PH-7  meets 
the  training  endur- 
ance considerations 
with  the  exception 
of  shoulder  room 
between  the  IP  and 
student. 
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SUBJECT:  USABAAR's  Evaluation  of  PH-7  Off-The-Shelf  Primary 
Helicopter  Trainer 
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TO:  President 

U.  S.  Army  Aviation  Test  Board 
ATTN:  Off-the -Shelf  Project  Officer 
Fort  Rucker,  Alabama 


1.  The  following  is  USABAAR's  evaluation  of  the  PH-7  entry  for 
the  off-the-shelf  primary  helicopter  trainer  competition.  The  evalua- 
tion considered  the  categories  of  aviation  safety  and  accident  preven- 
tion in  three  primary  categories.  In  each  of  these  categories,  USABAAR 
found  the  aircraft  to  be  acceptable  for  its  intended  mission.  However, 
there  are  certain  deficiencies  which  will  detract  from  its  mission  capa- 
bility and  should  be  considered  by  those  responsible  for  selecting  the 
winner  of  the  competition.  Categories  considered  are: 

a.  Operational  Safety  This  category  considers  those  features 
of  the  aircraft  and  its  operating  characteristics  that  are  considered  to 
be  conducive  to  accident  causation  and  which  may  detract  from  the 
operator's  ability  to  maintain  safe  flight  at  all  times. 

b.  Maintenance  Safety:  This  category  considers  maintenance 

design  features  of  the  aircraft  contributing  to  accident  causation.  It 
includes  those  features  of  "Murphy's  Law,  " ease  of  inspection,  acces- 
sibility for  component  replacement,  the  preflight  inspections  imposed 
on  the  operator,  etc. 


c.  Crashworthiness:  This  category  considers  design  features 

of  the  aircraft  that,  in  the  event  of  a crash,  provide  protection  to  the 
occupants  from  injury.  It  also  includes  features  of  crash-fire  worthi- 
ness. 

2.  Evaluation  comments  are  as  follows: 


K «««  • 
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BAAR-P  6 September  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-7  Off-the-Shelf  Primary 
Helicopter  Trainer 

a.  Operational  Safety: 


(1)  Navigation  lighting  creates  slight  detracting  reflections 
on  the  bubble  during  night  operations. 

(2)  The  short  skid  shoe  installation  exposes  skids  to  catch- 
ing on  ground  objects.  Installation  of  full  length  skid  shoes  is  required 
to  preclude  snagging  ground  objects. 

b.  Maintenance  Safety: 

Magnetic  chip  detector  - Install  magnetic  chip  detectors 
and  cockpit  warning  lights  of  the  continuous  readout  type  in  the  trans- 
mission and  engine  oil  sumps. 

c.  Crashworthiness: 

(1)  Cockpit  lacks  structural  members  which  would  protect 
crew  members  in  the  event  of  roll-over  or  landing  hard  at  other  than  a 
level  attitude. 

3.  If  any  of  the  above  noted  discrepancies  are  eliminated  due  to 
manufacturer's  proposal,  they  are  of  no  consequence. 

4.  The  following  features  are  recognized  as  desirable  and  con- 
sidered worthy  of  mention: 

a.  The  number  of  post-crash  fires  of  the  basic  PH-7  airframe 
construction  has  been  negligible  as  evidenced  by  accident  record  on  file 
in  USABAAR. 

b.  Controllability  and  stability  during  flight  is  excellent. 


/ s/  Robert  Hamilton 
/ 1/  ROBERT  HAMILTON 
Colonel,  Infantry 
Director,  USABAAR 
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PARAGRAPH  D 


U.  S.  ARMY  AVIATION  HUMAN  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


Human  Factors  Evaluation  ol  PH-7  Primary  Trainer 


1 . Summary 


1.  1 The  human  factors  design  of  the  crew  area  of  the  PH-7  pri- 
mary training  helicopter  was  found  to  be  adequate  for  mission  accom 
plishment  with  the  exception  of  the  heating  system. 


2.  Detailed  Considerations 


2.  1 The  heating  system  is  unsatisfactory  due  to  the  fact  that  it  can 
not  be  used  during  ground  operations  or  while  hovering.  As  a sizeable 
proportion  of  primary  training  consists  of  ground  operation  and  hover- 
ing, the  crew's  winter  comfort  is  sharply  impeded  by  this  deficiency. 


2.  2 The  location  of  the  attitude  indicator  and  electrical  system 
master  switch  adjacent  to  the  lighting  switches  is  undesirable.  A 
guarded  or  lift-type  safety  switch  should  be  used  for  these  switches, 
and  preferably,  they  should  he  separated  to  avoid  the  possibility  of  cut- 
ting off  electrical  power  while  intending  to  turn  off  the  attitude  indicator 
This  event  would  also  turn  off  the  lights  required  for  finding  the  master 
switch  itself  and  at  night  could  produce  total  lack  of  instrument  informa- 
tion. 


2.  3 A cover  over  the  attitude  indicator  is  considered  preferable  to 
switching  off  the  power  to  this  instrument.  When  this  instrument  dees 
not  present  correct  attitude  it  is  very  distracting  to  both  students  and 
instructors  who  have  established  a scanning  pattern  ircludirtg  it.  A 
complete  blank  is  preferable  to  incorrect  information. 


/ s/  Robert  H.  Wright 
/ 1/  ROBERT  H.  WRIGHT,  Ph.  D 
Research  Scientist 


/ &/  H.  Alton  Boyd,  Jr. 

I\l  H.  AETON  BOYD,  JR 
Research  Associate 


UNIT  F - COMPANY  A MODEL  PH-9 


SECTION  ONE 


USAAVNTBD REPORT 


A.  Description  of  Materiel. 


1.  The  PH-9  is  a single-engine,  two-place,  side-by-side, 
three-bladed  single  mam  rotor,  and  tail  rotor  type  helicopter.  Power 
is  supplied  by  an  HIO-360-B1A  horizontally-mounted,  four-cylinder, 
opposed  type  air-cooled,  non-supercharged,  fuel  injection  engine 
which  provides  maximum  rated  power  at  sea  level  of  180  b.hp.  at 
2900  r.p.m.  Engine  power  is  transmitted  to  the  rotors  through  drive 
shafts,  a belt  drive,  and  reduction  gears.  The  lower  pulley  of  the 
belt  drive  is  connected  to  the  engine.  The  upper  pulley  is  mounted  on 
the  main  gear  box  pinion,  the  end  of  which  is  also  splined  to  the  tail- 
rotor  drive  shaft.  The  belt-drive  assembly  incorporates  an  idler 
pulley,  controlled  from  the  cockpit,  which  acts  as  a clutch  for  engaging 
and  disengaging  the  engine  from  the  rotor. 

2.  Flight  controls  consist  of  a cyclic  stick,  collective  pitch 
stick,  and  antitorque  pedals.  Electrically  operated  bungees  are  pro- 
vided for  longitudinal  and  lateral  cyclic  trim  control.  Adjustable  fric- 
tion devices  are  provided  for  the  collective  pitch  and  cyclic  controls. 

3.  The  main  rotor  is  fully  articulated  and  utilizes  three  all- 
metal  rotor  blades.  A two-bladed  antitorque  tail  rotor  mounted  on  a 
delta  hinge  provides  directional  control. 


A The  fuselage  components  are  attached  to  the  central  frame- 
work of  steel  tubing.  The  seat,  floor,  and  main  rotor  mast  support 
structure  form  a detachable  unit  and  are  fabricated  from  sheet  metal. 

A tail  boom  is  fabricated  from  a single  piece  of  aluminum  tubing.  A 
transparent  plastic  canopy,  tinted  overhead,  is  provided.  A skid-type 
landing  gear  incorporates  oleo-type  struts  between  cross  tubes  and  skids. 
Ground-handling  wheels  are  removable  and  are  normally  positioned  at 
the  front  of  the  skids  for  flight. 


5.  General  dimensions  of  the  helicopter  submitted  for  test  are 
listed  below: 
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a , 

Overall  height 

8 feet  2.  6 inches 

b. 

Overall  lengthfmain  rotor  tip 

to  tail  rotor  tip) 

28  feet  4.  8 inches 

c . 

Rotor  diameter 

25  feet  3.  5 inches 

d. 

Fuselage  width 

4 feet  3.  0 inches 

e . 

Skid  gear  tread  (maximum) 

6 feet  6.  5 inches 

B.  Scope  of  Test.  The  test  was  conducted  by  USAAVNTBD  project 
officers  and  USAPHS  instructor  personnel.  The  test  consisted  of  three 
phases:  a 60-flying-hour  test;  a study  of  the  manufacturer's  technical 
proposals  which  described  changes  to  configure  the  test  helicopter  to 
meet  the  stated  requirements;  and  a comparison  of  the  helicopter 

with  the  Model  Specification  and  the  Statement  of  Requirement.  In 
addition,  the  US  Army  Board  for  Aviation  Accident  Research  (USABAAR) 
evaluated  the  aviation  safety  aspect;  the  US  Army  Aviation  Human 
Research  Unit  (USAAHUMRU)  evaluated  the  human  factors  aspect;  and 
the  US  Army  Aeromedical  Research  Unit  (USAARU)  evaluated  noise  level, 
internal  lighting,  and  heating  and  ventilation. 

C . Tests . 

1 Evaluation  of  Physical  and  Flight  Characteristics,  Perfor- 
mance, Mission  Suitability,  and  Maintenance  . 


a . Physical  Characteristics . 

(1)  Basic  and  Operating  Weights.  The  helicopter  was 
weighed  as  delivered  with  oil  and  trapped  (unusable)  fuel.  To  this 
weight  (963  pounds),  the  weight  of  electronic  and  auxiliary  equipment 
required  for  Army  use  (95  pounds)  was  added,  and  the  weight  of 
currently-installed  equipment  not  required  for  Army  use  (28  pounds) 
was  subtracted,  resulting  in  a total  estimated  basic  weight  of  1030 
pounds.  The  estimated  mission  operating  weight  was  then  computed  by 
adding  to  the  estimated  basic  weight  the  weight  of  fuel  (150  pounds)  and 
400  pounds  (instructor  and  student).  Details  follow: 

EMPTY  WEIGHT  as  weighed  (less 
ground-handling  wheels)  963  lb. 
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Weight  of  required  equipment  to  be  added: 
Shoulder  harness  and  inertia  reel  (2  ea.  ) 


6 lb . 


■V 


First-aid  kit  and  fire  extinguisher 

1 0 lb. 

AN/ARC-45  (UHF) 

27  lb. 

C-1611  interphone  (2  ea.) 

4 lb. 

Attitude  indicator  (proposed) 

3 lb. 

MA-7  battery 

34  lb. 

Heater  (proposed) 

11  lb. 

TOTAL  ADDED 

95  lb. 

95  lb. 

1058  lb. 

Weight  of  installed  equipment  to  be  removed: 

Commercial  radio 

7 lb. 

Twelve-volt  battery 

21  lb. 

TOTAL  SUBTRACTED 

28  lb. 

-28  lb. 

TOTAL  BASIC  WEIGHT  (estimated) 

1030  lb. 

F uel 

150  lb. 

Instructor  and  Student 

400  lb. 

MISSION  OPERATING  WEIGH  F'estima ted) 

1580  lb. 

REMAINING  AVAILABLE  PAYLOAD 

90  lb. 

MAXIMUM  CERTIFICATED  GROSS  WEIGHT 

1670  lb. 

(2)  Center-of-Gravity  Travel.  Control  travel  was 
sufficient  to  provide  control  at  the  extremes  of  allowable  center-of- 
gravity  (CG)  position  at  maximum  certificated  and  normal  operating 
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gross  weights.  The  addition,  removal,  or  relocation  of  ballast  or  air- 
craft components  was  not  necessary  for  the  helicopter  to  remain  within 
CG  limits  when  changes  were  made  in  loading  of  the  helicopter  with  re- 
spect to  fuel,  instructor,  and  student.  No  determination  was  made  of 
the  helicopter  s CG  travel  when  flown  from  the  left  seat  as  the  rotor 
engage  lever  could  not  be  operated  from  the  left  seat. 

(3)  Ground  Clearance.  Ground  clearance  was  sufficient 
for  operation  in  unimproved  areas;  however,  engine  exhaust  stacks  did 
present  a fire  hazard  in  tall  grass.  At  normal  operating  r.p.m. 

g round- to  - main  - roto  r clearance  was  satisfactory  with  cyclic  stick 
centered  but  did  not  meet  specifications  when  cyclic  was  fully  displaced. 

(4)  Ground-Handling  Characteristics.  Ground-handling 
characteristics  of  the  helicopter,  with  removable  wheels  provided, 
were  satisfactory. 

(5)  Suitability  for  Hoisting,  Jacking,  and  Mooring. 

The  helicopter  was  equipped  with  suitable  hoisting  and  jacking  hard 
points  and  had  suitable  locations  on  the  structure  for  attachment  of 
mooring  lines . 


(6)  Suitability  of  External  Power  Receptacle.  The  test 
helicopter  was  not  equipped  with  an  external  power  receptacle.  The 
manufacturer  s technical  proposal  included  an  external  power  recep- 
tacle which  was  compatible  with  Army  APU’s 

( 7 ) Adequacy  of  Cockpit  Configuration  and  Arrange- 
mei1L  The  cockpit  configuration  and  arrangement  of  the  test  helicopter 
were  evaluated,  except  for  those  ifr  ms  changed  in  the  manufacturer's 
technical  proposal.  The  cockpit  configuration  and  arrangement  were 
satisfactory  except  for  the  following: 

(a)  The  rotor-engage  lever  was  accessible  from 
the  student  pilot  station  (right  seat)  only  and  could  not  he  operated 
from  the  instructor  pilot  station  (left  seat). 

(b)  The  engine  could  be  started  with  the  rotor- 
engage  lever  in  the  engage  position.  This  results  in  dephasing  of 
dampers  and  possible  damage  to  the  main  rotor  system. 

(c)  No  provisions  were  made  for  quick-disconnect 
of  the  battery. 


I 
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(d)  A stop  was  not  provided  on  the  mixture  con- 
trol to  prevent  accidental  fuel  starvation  of  the  engine. 

(e)  An  ammeter  measuring  the.  charge-discharge 
rate  of  the  battery  was  provided  in  lieu  of  a load  meter  (volt-ammeter) 
measuring  the  load  on  the  generator. 

(i)  The  location  of  cyclic  friction  controls 
(longitudinal  and  lateral)  was  unsatisfactory.  Friction  controls  were 
accessible  from  the  student  position  only  and  required  release  of  the 
collective  pitch  control  to  operate. 

(g)  Installed  seat  belts  do  not  meet  Military  Speci- 
fication. 

(h)  Engine  instrument  group  was  unsatisfactory. 

(i)  Oil  temperature  and  pressure  warning  light 
placards  were  obstructed  by  the  landing  light  caution  indicator  glare 
shields  . 


(j)  Doors  were  not  jettisonable . 

(8)  Suitability  of  Internal  Lighting.  The  USAARU 
evaluation  (paragraph  A,  section  two)  is  summarized  as  follows: 

"The  cockpit  and  instrument  panel  illumination  of  this  aircraft  did 
not  meet  military  standards  for  primary  trainer  capable  of  perform- 
ing night  training  missions." 

(9)  Suitability  of  External  Lighting.  The  position  lights, 
located  on  the  forward  cross  tubes  of  the  landing  gear  skids  were  satis- 
factory. Reflections  of  the  position  lights  from  the  polished  aluminum 
main- rotor  blades  were,  distracting. 

(10)  Durability  and  Reliability.  Durability  and  relia- 
bility could  not  be  determined  within  the  relatively  short  test  time 
specified . 


(11)  Transportability . The  helicopter  is  capable  of 
being  transported  by  C- 123/ 130  type  aircraft  and  by  surface  transport. 

(12)  Noise.  Level.  The  USAARU  evaluation  (paragraph  A, 
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section  two)  is  summarized  as  follows:  "Internal  and  external  sound 
pressure  levels  met  the  Statement  of  Requirement.  However,  numer- 
ous internal  measurements  exceed  the  Military  Specification  for 
acoustical  noise  levels  in  Army  Aircraft.  " 

b-  Flight  Characteristics.  The  helicopter  was  flown  at 
gross  weights  up  to  the  maximum  certificated  (1670  lb.  ).  The  follow- 
ing was  determined: 

(1)  Stability . The  stability  of  the  helicopter  was  un- 
satisfactory for  primary  student  training  (see  paragraph  d below). 

(2)  Controllability . Controllability  was  unsatisfac- 
tory for  primary  student  training  (see  paragraph  d below). 

Ct  Performance . The  helicopter  was  flown  at  certificated 
gross  weight  (1670  pounds)  and  estimated  mission  operating  weight 
(1580  pounds)  to  determine  whether  it  met  the  performance  criteria 
stated  in  the  Model  Specification.  The  following  was  determined: 

(1)  The  helicopter  was  capable  of  cruising  at  65 
knots  (TAS)  at  sea  level. 

(2)  Endurance  at  65  knots  (TAS)  was: 

(a)  2.5  hours  at  1670  pounds  at  density  altitude  of 
1325  feet. 

(b)  2.  6 hours  at  1580  pounds  at  density  altitude  of 
1200  feet. 

(3)  Hover-out-of-ground  effect  was  accomplished  at  a 
density  altitude  of  4400  feet  which  is  equivalent  to  a pressure  altitude 
of  1000  feet  with  an  ambient  temperature  of  110°  F.  at  mission  opera- 
ting weight.  Hover-out-of-ground  effect  could  not  be  accomplished  at  cer- 
tificated^ gross  weight  (1670  pounds). 

(4)  The  rates  of  climb  under  ICAO  sea  level  standard 
day  conditions  at  43  knots  TAS  were: 

(a)  1120  feet  per  minute  at  1670  pounds. 

(b)  1130  feet  per  minute  at  1580  pounds. 
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(5)  The  autorotational  performance  was  determined 
at  4400  feet  density  altitude  (1000  feet  pressure  altitude,  110°F.)  and 
at  a true  airspeed  of  37  knots  for  maximum  gross  weight  and  esti- 
mated mission  operating  weight  Tested  under  these  conditions,  the 
rates  of  descent  were: 

(a)  1620  feet  per  minute  at  1670  pounds. 

(b)  1570  feet  per  minute  at  1580  pounds. 

(6)  In  autorotation  under  those  conditions  (para- 
graph (5)  above),  the  helicopter  regained  rotor  r.p.m.  following 
a decay  of  rotor  r.p.m.  to  the  lower  operating  limit  with  an  average 
of  a 150-foot  loss  of  altitude. 

(7)  The  helicopter  was  capable  of  landing  cross  slope 
on  15- degree  slopes. 

(8)  Rapid  engagement  of  the  clutch  or  power  surges 
could  dephase  the  blade  dampers,  producing  a condition  conducive  to 
ground  resonance. 

d.  Mission  Suitability.  This  portion  of  the  test  was  con- 
ducted by  the  USAPHS.  Their  report  (paragraph  B,  section  two)  is 
summarized  as  follows:  "The  PH-9  is  unsuitable  for  the  training 
mission  because  of  the  following  characteristics.  ' 

"(a)  Sensitivity  of  the  directional  controls. 

"(b)  Lack  of  sufficient  pedal  control  for  recovery 
from  student  errors  and  inadvertent  unusual  attitudes. 

"(c)  The  rate  of  movement  to  the  point  from 
which  a safe  recovery  from  unusual  attitudes  becomes  difficult  is 
exceedingly  fast,  thereby  allowing  insufficient  latitude  for  instructor 
pilot  corrections  The  student  is  afforded  little  opportunity  to  correct 
his  own  mistakes. 

"(d)  The  problems  of  directional  control,  insuffi- 
cient pedal  control,  and  latitude  for  student  error  are  magnified  by  a 
cross-wind  condition. 
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"(e)  The  rapid  rotor  decay  after  initial  pitch 
application  with  subsequent  reduction  in  directional  control  during 
touch-down  autorotations  leaves  little  margin  for  a safe  recovery 
from  student  error. 


"(f)  Technique  required  for  an  auto  rotational 
touch-down  are  unacceptably  critical  for  primary  student  training. 

"(g)  The  rapid  rotor  decay,  yawing  to  the  left 
of  approximately  forty-five  degrees,  and  attitude  changes  of  the 
aircraft  at  power  cut  for  a simulated  forced  landing  leave  no  mar- 
gin for  student  error.  These  require  the  instructor  to  advise  the 
student  in  advance  of  the  maneuver  and  heavily  ride  the  controls, 
thus  leading  the  student  into  the  autorotational  descent. 

"(h)  Any  rapid  application  of  throttle  to  join 
the  needles  or  to  apply  power  during  ground  operation,  dephased  the 
blade  dampers  inducing  a condition  conducive  to  ground  resonance. 

”(i)  Trim  controls  and  control  locks  are  avail- 
able only  to  the  student  pilot.  " 

e . Maintenance . 

(1)  During  the  evaluation,  the  helicopter  was  main- 
tained by  the  manufacturer's  representative  with  military  personnel 
provided  for  servicing,  general  assistance,  and  maintenance  of  records. 

(2)  Engine  operation  was  trouble  free  when  operated 
on  standard  Army  aviation  fuel  (115/145  octane). 

(3)  The  engine  was  not  operated  on  standard  Army 
aviation  lubricants.  (Detergent  engine  oil  was  used  to  coincide  with 
commercial  operation.  ) 

(4)  The  helicopter  was  easy  to  service  and  maintain 
with  the  exception  of  oil  servicing.  All  major  components  were 
readily  accessible.  During  the  test,  replacement  of  one  magneto 
was  required. 


(5)  Tools  and  ground-support  equipment  normally 
found  at  the  organizational  level  were  adequate  for  organizational  main- 
tenance with  the  exception  of  special  tools  required  for  rephasing  of 
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main- rotor-blade  dampers.  Special  tools  are  required  for  higher 
echelons  of  maintenance. 


2 . Evaluation  of  Manufacturer's  Technical  Proposal.  The 
manufacturer's  technical  proposal  to  configure  the  test  helicopter  to 
meet  Model  Specif ication  was  reviewed  and  the  following  was  deter- 
mined: 


a.  The  landing  light  (ground  adjustable)  was  satisfactory. 

b.  The  proposed  location  and  type  of  cyclic  trim  controls 
(longitudinal  and  lateral)  were  unsatisfactory.  Trim  controls  were 
accessible  from  the  student  position  only  and  required  release  of  the 
collective  pitch  control  to  operate. 

c.  Required  inertia  reels  for  shoulder  harnesses  were  not 
proposed. 

d.  Proposed  electronic  configuration  was  found  to  be.  satis- 
factory with  the  exception  of  the  location  of  the  C-1611  interphone  con- 
trols which  are  not  readily  accessible  from  either  the  instructor  or  the 
student  crew  station. 

e.  Required  floor-mounted  and  cyclic -control-mounted 
radio-interphone  keying  switches  were  proposed  for  both  student  and 
instructor  pilot  stations. 

f.  The  proposal  for  a 24-volt  electrical  system  was  satis- 
factory. The  alternate  proposal  for  a 12-volt  electrical  system  was 
unsatisfactory. 

g.  An  attitude  indicator  was  proposed. 

h.  A muff-type  heater  was  proposed. 

i.  The.  USABAAR  evaluation  (paragraph  (J,  section  two)  is 
summarized  as  follows: 

"The  evaluation  considered  the  categories  of  Opera- 
tional Safety,  Maintenance  Safety,  and  Crashworthiness.  USABAAR 
considers  this  aircraft  to  be  unacceptable  as  a primary  helicopter 
trainer  because  of  the  high  level  of  skill  required  to  successfully 
perform  an  autorotation. 
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"Other  areas  which  USABAAR  considers  as  undesir- 
able are  contained  in  a full  report.  " (See  paragraph  C,  section  two.  ) 

j.  Th**  USAAHUMRU  evaluation  (paragraph  D,  section  two) 
is  summarized  as  follows: 

"The  design  philosophy  of  the  PH-9  was  in  large  part 
guided  by  human  factors  considerations  related  to  the  primary  heli- 
copter training  mission.  As  a result,  the  aircraft  was  found  to  be 
highly  satisfactory  from  the  human  factors  standpoint.  Design  decis- 
ions in  large  part  appear  to  have  been  resolved  in  favor  of  the  crew, 
maintenance  personnel,  or  freedom  from  maintenance;  rather  than 
maximization  of  performance  parameters. 

"The  major  deficiencies  noted  were  poor  sideward 
visibility  for  tall  personnel,  and  an  unsatisfactory  location  for  the 
C-1611  Intercommunication  Set  Control.  In  its  proposed  location  the 
C-1611  Control  would  be  dangerous  due  to  its  sharp  edges,  difficult 
to  use,  and  difficult  to  see.  Specification  of  this  relatively  large  con- 
trol is  regarded  as  unrealistic  for  this  compact  helicopter,  and  it  is 
recommended  that  any  Army  purchase  specify  that  the  contractor  pro- 
vide the  applicable  functions  of  these  C-1611  Controls  at  the  location 
of  the  presently  installed  Interphone-Transmit  switch,  which  is  quite 
satisfactory. 


"Strong  points  were  good  visibility  except  as  noted 
above,  and  good  design  from  the  standpoint  of  inspection  and  maintain- 
ability. " 


3.  Comparison  with  Model  Specification  and  Statement  of 
Requirement.  In  determining  whether  the  PH-9  met  the  requirements 
of  the  Model  Specification  and  Statement  of  Requirement,  the  charac- 
teristics of  the  helicopter  as  tested  and  an  evaluation  of  the  manufac- 
turer's technical  proposal  were  considered. 


a.  Comparison  with  Model  Specification  as  Amended. 


Mod. 

Spec.  Model  Specification 

Para.  No.  as  Amended 


PH-9 

Meets 

Spec. 


Remarks 


1.  SCOPE. 
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Mod. 
Spec. 
Para . 

1.1 


1.1.1 


PH-9 

Model  Specification  Meets 

No . as  Amended Spec. 

Scope.  This  detail  speci- 
fication covers  the  essen- 
tial requirements  for  the 
design  of  a single  engine 
primary  helicopter  trainer 
capable  of  performing  the 
mission  specified  in  1.2. 

Designation  and  General 
Description 

Army  Model  Designation  - 
Primary  Helicopter  Train- 


er (Army  Model  Number 
not  yet  assigned) 

Number  of  Crew  - 1 Pilot  Yes 

Number  of  Passengers  - 
1 Student  Yes 

Crew  and  Passenger 

Seating  Arrangement  - 

Side  by  side  Yes 

Flight  Controls  - Dual  Yes 

Type  of  Engine  - 

Reciprocating  Yes 

Main  Rotor  System  - 

Single  Yes 

Mission.  The  primary  No 

Army  mission  for  which 


the  helicopter  will  be  em- 
ployed is  training  of  mili- 
tary pilots  in  the  basic 
operation  and  performance 


Remarks 


See  paragraph  B, 
section  two. 


Mod. 

Spec.  Model  Specification 

Para.  No.  as  Amended 


PH-9 

Meets 

Spec. 


of  a helicopter.  Training 
will  be  accomplished  under 
conditions  to  which  Visual 
Flight  Rules  apply. 

1 • 3 Federal  Aviation  Agency 

Certification.  The  heli-  Yes 

copter  will  have  a Part  6 
standard  airworthiness 
certificate  issued  by  the 
Federal  Aviation  Agency. 

1.4  Performance  Information  ■ Yes 

Those  items  of  performance 
stated  as  requirements 
herein  which  are  not  in- 
cluded in  the  FAA  approved 
flight  manual  are  subject 
to  verification  by  the  U. 

S.  Army. 

2.  APPLICABLE 
DOCUMENTS. 

2.1  The  documents  applicable  Yes 

to  this  specification  are 
those  necessary  to  fulfill 
the  requirements  of  para- 
graph 1.  3,  Federal  Avia- 
tion Agency  Certification. 

3.  REQUIREMENTS. 

3.  1 Basic  Weight.  The  basic  Yes 

weight  of  the  helicopter 
will  include  all  required 
installed  equipment  in- 
cluding the  items  of  Para- 
graphs 3.7,  3.  8.  1. 1, 
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Remarks 
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Mod. 
Spec. 
Para  No. 


Model  Specification 
as  Amended 


PH-9 

Meets 

Spec. 


3. 8. 1.  2,  and  the 
Electronic  Equipment 
as  stated  in  Table  E, 
Appendix  I. 

Center  of  Gravity  Travel. 
Addition,  removal  or  relo- 
cation of  ballast  or  aircraft 
components  will  not  be 
necessary  in  order  to 
maintain  the  CG  within  CG 
limits  due  to  changes  in 
loading  of  the  helicopter 
with  respect  to  fuel,  pilot 
and  student. 

Useful  Load.  The  useful 
load  of  the  helicopter  will 
be  sufficient  for  400  lbs. 
in  addition  to  the  fuel  and 
oil  necessary  to  accomplish 
the.  2 1/2  hour  endurance 
mission  specified  in  para- 
graph 3.4.1. 

Required  Performance. 


ICAO  Sea  Level  Standard 
Day  Performance  (at  cer- 
tificated gross  weight). 

Cruise  Speed  (Minimum  )- 
65  knots 

Endurance  (Minimum)  - 
2 1/2  hours  at  65  knots 
cruise  speed. 


row  orrtcui 
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Mod. 

Spec. 
Para.  No. 

Model  Specification 
as  Amended 

PH-9 

Meets 

Spec. 

Remarks 

Rate  of  Climb  ( Minimum ) - 
1000  ft.  per  minute 

Yes 

3.  4.  2 

Hovering  Performance 
Requirement.  At  certifi- 
cated  gross  weight  the  air- 
craft shall  hover  out  of 
ground  effect  at  1000  feet 
at  1 10°F. 

No 

Helicopter  hovered 
OGE  at  4400  feet 
density  altitude 
which  is  equivalent 
to  1000  feet  pres- 
sure altitude  at  110° 
at  mission  operating 
weight  (1580  pounds). 

3.4  3 

Autorotation  Characteris- 
tics  (at  certificated  gross 
weight). 

3.  4.  3.  1 

Normal  Autorotation  Speed. 
The  manufacturer  will 
designate  a speed  for  nor- 
mal autorotation  not  to 
exceed  45  knots. 

Yes 

3.  4.  3.  2 

Rate  of  Descent.  At  the 
speed  designated  in  3.  4.  3.  1 
the  helicopter  will  not  ex- 
ceed a stabilized  autoro- 
tation rate  of  descent  of 
2200  feet  per  minute  under 
conditions  of  1000  ft.  alti- 
tude and  1 10°F. 

Yes 

3.4.  3.  3 Rotor  R.P.M.  Decay.  In  Yes 

autorotation  at  the  speed 
in  3.  4.  3. 1 and  conditions 
of  1000  ft.  and  1 10°F,  if 
rotor  r.p.m.  decays  to  the 
lower  rotor  r.p.m.  limit, 
the  helicopter  will  be  capable 

* I 
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Spec. 
Para.  No. 


3.  5 
3.  5. 1 
3.  5.  1.  1 


3.  5. 1.  2 


3.  5.1.  3 


3.  5.  1.  4 


3.  5.  2 
3.  5 2.1 


Model  Specification 
as  Amended 


Meets 

Spec. 


Remarks 


of  regaining  normal 
operating  r.p.m.  (as 
specified  by  the  manu- 
facturer) and  with  an 
altitude  loss  not  to  ex- 
ceed 200  feet. 


Aircraft  Structure. 


Landing  Gea  r 


Type  Landing  Gear.  Skid 
type  landing  gear  which 
will  permit  running  take- 
offs and  landings. 


Slope  Landings  The  land- 
ing gear  will  permit  cross 
slope  landings  on  slopes  of 
15°. 


Ground  Handling.  Ground 
handling  wheels  are  re- 
quired Weight  of  the 
ground  handling  wheels  will 
not  be  included  in  the  weight 
empty  if  they  are  detachable. 


Hoisting,  Jacking  and 
Mooring . Provisions  will 
be  made  for  hoisting,  jack- 
ing and  mooring. 


Main  Rotor  Blades. 


Blade  Interchangeability. 
The  main  rotor  blades  will 
be  individually  interchange- 
able 
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Yes 


Yes 


Yes 


Yes 


Yes 
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Mod. 

Spec. 
Para.  No. 


Model  Specification 
as  Amended 


PH-9 

Meets 

Spec. 


Remarks 


I 


3.  5.  3 


3.  5.4 
3.  5.  4. 1 


I 

i 

1 


M 
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3.  7 


Control  Pedals.  Both 
sets  of  directional  control 
pedals  of  the  aircraft  will 
be  adjustable. 

Operating  Environment. 

Aircraft  Operation.  The 
aircraft  will  be  capable  of 
operating  in  temperatures 
from  0°F . to  +100°F. 

Cabin  Heating.  The  aircraft 
will  have  a heating  system 
which  provides  a minimum 
of  50°F.  cabin  tempera- 
ture with  0°F.  outside  air 
temperature.  This  condi- 
tion need  only  be  satisfied 
with  the  engine  operating. 

Fuel  and  Lubricants.  The 
engine  will  operate  on  such 
fuel  and  lubricants  which 
are  now  established  as 
standard  by  the  US  Army. 
(Ref:  MIL  G-5572C  dated 
12  Jul  60  & MIL  L-22851 
dated  30  Jun  61  & MIL  L- 
6082C  dated  18  May  61) 

Instruments  and  Naviga- 
tional Equipment.  Flight 
instruments -and  lights  for 
day  and  night  VFR  condi- 
tions shall  be  furnished 
and  installed  by  the  con- 
tractor. 


Yes 


Unde-  Temperatures  dur- 
termined  ing  tests  ranged 
from  75°F.  to 
95°F. 

Unde-  Muff-type  heating 
termined  system  proposed. 

Due  to  temperature 
ranges,  this  test 
could  not  be  con- 
ducted. 


No  Engine  oil  required 

was  not  standard  in 
the  Army.  Engine 
operated  satisfac- 
torily on  115/145 
octane  fuel. 


No  Instrument  lighting 

unsatisfactory.  See 
paragraph  A,  section 
two . 
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Mod.  PH-9 

Spec  Model  Specification  Meets 

Para.  No.  as  Amended Spec.  Remarks 

An  attitude  indicator  shall  Yes 

be  provided  <*s  part  of  the 
basic  aircraft  instrumenta- 
tion. 


3.  8 
3.  8.  1 
3.  8.1.  1 


3.  8.  1.  2 


3.  8.2 


3.  8.  3 


Electrical . 

Lighting . 

Anti -Collision  Light.  The 
aircraft  will  have  an  anti- 
collision light.  The  light 
will  be  located  to  prevent 
reflection  into  the  cockpit. 

Landing  Light(s).  The  air- 
craft will  be  equipped  with 
landing  light(s)  which  will 
be  adjustable 

The  landing  light  switch 
will  be  located  on  the 
pilot's  cyclic  or  collective 
cont  rol 

Power  Receptacle.  The 
aircraft  will  be  equipped 
with  an  external  power 
receptacle  of  an  AN  or 
AMS  standard  Design. 

Switches  and  Auxiliary 

iii  . — i ———A 

Controls . All  switches 
arid  auxiliary  controls 
necessary  for  flight  and 
navigation  will  be  acces- 
sible and  within  reach  of 
the  student  pilot  and  the 
instructor  pilot.  Switches 


Yes 


Yes 


Yes 


Yes 


No  Rotor-engage  lever, 

cyclic  friction  con- 
trols, and  cyclic 
trim  controls  were 
not  available  to  the 
IP.  Cyclic  friction 
controls  and  cyclic 
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Mod. 

Spec. 
Para.  No. 


Model  Specification 
as  Amended 


PH-9 

Meets 

Spec. 


Remarks 


* 
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and  controls  shall  be  oper- 
able in  flight  by  personnel 
wearing  winter  flight  cloth- 
ing. Accessible  floor 
mounted  and  cyclic  control 
mounted  radio-interphone 
switches  will  be  provided 
for  both  student  pilot  and 
instructor. 

Electronic  Equipment. 

The  aircraft  will  be 
equipped  with  the  elec- 
tronic equipment  as  indi- 
cated in  appendix  I. 

Safety  Equipment.  Seat 
belt  and  shoulder  harness 
will  be  furnished  for  all 
occupants . 

APPENDIX  I 

Communication . 

UHF  - AN/ARC  45,  1 ea. 

ICS  - C- 1611,  2 ea. 

Miscellaneous . 

Antenna  - AT -4 50 /ARC* 

1 ea. 

Battery  - Sonotone  MA-7, 

1 ea. 

Inverter  (If  required  either 
inverter  listed  will  be  a 


trim  controls 
were  difficult 
for  the  student 
to  reach.  The 
C-1611  control 
head  was  diffi- 
cult to  see  and 
read. 


Yes 


Yes  Seat  belts  and 

shoulder  harnesses 
did  not  meet  mili- 
tary specification. 


Yes  GFE 

Yes  GFE 


Yes  GFE 

Yes 

Yes  Self-contained  in- 

verter was  proposed 
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Remarks 


Mod. 

Spec.  Model  Specification 

Para.  No.  as  Amended  


suitable  substitute  for 
standard  equipment.  } - 
Leland  M1L-E-93-200  or 
Bendix  32  8-  172-  1.  1 ea 


with  the  atti- 
tude indicator. 


b.  Comparison  with  Statement  of  Requirement,  A com- 
parison with  the  Statement  of  Requirement  (reference  4)  excluding  those 
requirements  covered  by  the  Model  Specification  follows: 


Requirement 


PH-9  Meets 

Requi  rement  Remarks 


Size 

It  is  desired  that  the  external  Ye: 

dimensions  of  the  helicopter, 
less  rotor,  not  exceed  8 feet 
in  height,  2 3 feet  in  length, 
and  7 feet  in  width. 

With  full  cyclic  movement,  No 

the  rotor  blade  tip  clearance 
above  the  ground  level  should 
not  be  less  than  6 feet  with 
rotors  turning. 


With  cyclic  centered 
and  normal  rotor 
r.p.m.,  ground-to- 
main- rotor  clearance 
was  satisfactory. 


A minimum  rotor  diameter  'le.s 

consistent  with  good  autoro- 
tative  characteristics  is 
desired. 


Structure  and  Design 
The  following  will  be  required 


Main  rotor  blades  which  are  Yes 

interchangeable,  without  re- 
tracking are  desirable 
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PH-9  Meets 
Requirement 


Requi  rement 

If  more  than  two  main 
rotor  blades,  provisions 
should  be  provided  for  sim- 
ple expeditious  folding  and 
unfolding . 

It  shall  be  free  from  ground 
resonance . 


Suitable  seat  belt  and  shoulder 
harness  for  both  student  pilot 
and  instructor. 


Electrical 

The  following  are  required: 

Lighting;  adequate  position, 
cockpit,  anti-collision,  and 
landing  lights  for  night  flight. 
Position  and  anti-collision 
lights  to  be  positioned  to 
prevent  reflection  into  cock- 
pit; landing  light  to  be  adjust- 
able. 

Durability  and  Reliability 

Engine  and  dynamic  compo- 
nents should  not  be  materially 
affected  by  dust,  sand,  mois- 
ture, etc.  , encountered  in 
operation  from  unprepared 
areas . 

Noise  Level 


The  lowest  possible  noise  level  Yes 


Undeter- 

mined 


Remarks 


Fully-articulated  rotor 
head  was  susceptible  to 
ground  resonance. 

Seat  belts  and  shoulder 
harnesses  did  not  meet 
Military  Specification 
and  inertia  reels  were 
not  proposed. 


Position  lights  caused 
distracting  reflection 
on  main  rotor  blade. 
Cockpit  lighting  not 
satisfactory.  Landing 
light  specified  in  tech- 
nical proposal  will  be 
ground  adjustable. 


Exceeded  Table  I of 
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Requirement 


PH-9  Meets 
Requirement 


Remarks 


I 

I 


i 

i 


■t 


is  desired  without  use  of  a MIL.-A-8806  (para- 

complex  or  elaborate  muffler  graph  A,  section  two), 

system  or  extension  or  heavy 
insulation . 


Personnel  Considerations 

No  new  personnel  skills  will  Yes 

be  required. 


Training  Considerations 

No  new  training  requirements  Undeter- 

will  be  generated.  mined 


Due  to  similarity  of 
helicopter  to  other 
helicopters  in  Army 
inventory,  no  new  skills 
will  be  required. 


Further  evaluation  in 
an  actual  training  en- 
vironment is  required 


No  supporting  training  de-  Yes 

vices  other  than  those  on  hand 
at  the  US  Army  training  base 
are  required. 

D.  Deficiencies  and  Shortcomings. 

1.  The  following  deficiencies  were  noted  during  conduct  of  the 
test: 


Deficiency 

a.  Directional  control  was  un- 
satisfactory. 

b.  Throttle  and  pitch  correlation 
was  unsatisfactory. 

c.  Spring-loaded  throttle  with  no 
override  position  was  unsatisfactory. 


Suggested  Corrective  Action 

Decrease  sensitivity  of  direc- 
tional control. 

Improve  throttle  and  pitch 
correlation. 

Provide  override  position. 
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Deficiency 


Suggested  Corrective  Action 


d.  Low  inertia  rotor  system  was 
unsatisfactory. 

e.  Aircraft  became  unstable  with 
inadvertent  application  of  left 
pedal  in  autorotation. 

f.  Crashworthiness  was  unsatis- 
factory. 

g.  Rotor-engage  lever  was  ac- 
cessible from  the  student  pilot 
station  only  and  could  not  be 
operated  from  the  instructor 
pilot  station. 

h.  The  engine  could  be  started 
with  the  rotor-engage  lever  in 
the  engage  position. 


i.  The  location  and  proposed 
type  of  trim  controls  were 
unsatisfactory. 

j.  The  location  of  cyclic  fric- 
tion controls  was  unsatisfactory. 

k.  Doors  were  not  jettisonable. 

l.  Cockpit  and  instrument 
illumination  did  not  meet  military 
standards . 

m.  Proposed  location  of  C-l  6 1 1 
interphone  controls  were  unsatis- 
factory. 

n.  Inertia  reels  were  not  speci- 
fied. 


Increase  rotor  inertia. 
Improve  stability. 

Reference  paragraph  C, 
section  two. 

Relocate  rotor-engage  lever. 


Provide  a system  to  prevent 
engagement  with  the  rotor- 
engage  lever  in  the  "engage" 
position. 

Provide  suitable  trim  con- 
trols. 


Relocate  cyclic  friction  con- 
trols . 

Provide  jettisonable  doors. 

Provide  illumination  which 
meets  military  standards. 


Relocate  C-1611  interphone 
controls . 


Install  inertia  reels. 
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Deficiency 

o.  Seat  belts  and  shoulder  harness 
did  not  meet  military  specification. 

p.  Helicopter  was  susceptible  to 
ground  resonance. 

q.  A stop  was  not  provided  on  the 
mixture  control  to  prevent  accidental 
fuel  starvation. 


Suggested  Corrective  Action 

Install  seat  belts  which  meet 
military  specification. 

Unknown . 

Install  stop  on  mixture  control. 


2.  The  following  shortcomings  were  noted  during  conduct  of 
the  test: 


Shortcoming 

a.  No  provisions  were  made  for 
quick-disconnect  of  the  battery. 

b.  Oil  temperature  and  pressure 
warning  light  placards  were  ob- 
structed by  the  landing  light 
caution  indicator  glare  shield. 

c.  An  ammeter  measuring 
charge-discharge  rates  of  the 
battery  was  provided  in  lieu  of  a 
load  meter  measuring  the  load 
on  the  generator. 

d.  Engine  exhaust  presented  a 
fire  hazard  in  tall  grass. 

e.  Engine  instruments  group  was 
unsatisfactory. 

f.  The  airspeed  indicator  was 
sensitive  to  minor  attitude. 

g.  Pitch  change  push-pull  rods 
were  susceptible  to  damage  if 
used  as  hand  holds. 


Suggested  Corrective  Action 

Provide  for  quick-disconnect  of 
battery. 

Relocate  the  landing  light 
caution  indicator  glare  shield. 


Install  load  meter. 


Provide  adequate  shielding. 

Provide  satisfactory  instru- 
ments group. 

Provide  satisfactory  airspeed 
indicator. 

Placard  pitch  change  push-pull 
rods . 
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Deficiency 


Suggested  Corrective  Action 


h.  Magnetic  chip  detectors  were  Install  magnetic  chip  detectors  of 

not  installed.  the  continuous  read-out  type  in 

the  transmission  and  engine  oil 
sumps . 
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PARAGRAPH  A 


Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 

USAARU-FO  23  September  1963 

NOISE  EVALUATION  OF  THE  PH-9 

1 . Methods  and  Equipment. 

a.  Due  to  the  number  of  aircraft  to  be  tested  and  the  shcrt  time 
available,  the  noise  analysis  was  limited  to  the  following: 

(1)  "A''  - 24-55  db:  sound  level  for  speech  interference. 

(2)  "B"  - 55-85  db:  sound  level  for  noise  survey. 

(3)  "C"  - 85-140  db;  sound  pressure  level- -over-all  fre- 
quency response. 

b.  A General  Radio,  Sound -Level -Meter,  type  1551-C,  was 
used  for  the  noise  measurements. 

c.  The  test  area,  located  at  County  Line  Strip,  is  a pre- 
marked compass  rose  with  a 50  foot  radius. 

2.  Results.  (See  Annex  A) 


Discussion. 

Doors  On 

Doors  Off 

MIL-  A- 8806 

Normal  cruise 

113 

1 i 3 

106 

Maximum  cruise 

1 12 

1 1 3 

1 1 3 

a.  Operation  of  this  helicopter  at  normal  cruise  with  the  cock- 


pit doors  on  or  off  produces  internal  sound  pressure  levels  in  excess  of 
Table  T MTL-A-8806. 


USAARU-FO 

SUBJECT:  Noise  Evaluation  of  the  PH-9 


23  September  1963 


b.  Operation  of  this  helicopter  at  maximum  cruise  with  the 
doors  on  or  off  produces  internal  sound  pressure  levels  which  meet  the 
limits  set  by  Table  IV  MIL-A-8806. 

c.  There  are  no  military  specifications  for  external  noise. 
Raw  data  is  included  for  comparison  purposes  only. 

4.  Summary.  Improvements  should  be  made  to  reduce  noise 
levels  when  operating  at  normal  cruise  in  order  to  meet  military 
specification  (MIL-A-8806). 


/ s/  William  C.  Thrasher 
/ 1/  WILLIAM  C.  THRASHER 
1/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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NOISE  LEVEL  MEASUREMENTS  - OCTAVE  BAND  ANALYSIS 


DATA  COLLECTION  SHEET 


Analyzed  by  Lt  W.  C.  Thrasher 
SFC  Lonnie  Parsons 


DOORS-ON 

C.round  idle 

Ground  high  power 

Hover 

Normal  cruise 
Maximum  cruise 


PH-9 


Center  Student 


Air 

Speed 


Mani- 

fold 


20  Sep  63 


RPM  Radius 


110 


105  109 


(LEFT) 

0 

93 

330 

94 

300 

94 

270 

98 

240 

1 02 

210 

104 

180 

P10!.  . 

EXHAUST  OUTLET  RIGHT  SIDE  OF  AIRCRAFT 





Aviation  Field  Operations  Division 
TJ.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama  36362 


USAARU- FO 


23  September  1963 


LIGHT  EVALUATION  OF  THE  PH-9 


1 . Methods  and  Equipment. 

a.  The  evaluation  consisted  of  in-flight  analysis  of  the  aircraft's 
lighting  system  under  night  conditions.  Criteria  for  this  evaluation  were 
derived  from  U.  S.  Navy  Specifications  governing  cockpit  and  instrument 
panel  illumination  modified  to  meec  Army  requirements. 

b.  A standard  Norwood  photo-electric  meter  was  used  to  mea- 
sure over -all  cockpit  illumination  from  the  auxiliary  hand  light  or  map 
light. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Luminous  paint  and  ultraviolet  light  used  to  illuminate  in- 
strument dials  and  gauges  afford  adequate  light  intensity  but  impair 
visual  acuity.  The  extreme  contrast  between  the  black,  light  absorbing 
background  of  the  dials  and  the  luminous  markings  can  cause  discom- 
fort and  distraction  to  an  inexperienced  aviator. 

b.  The  airspeed  indicator,  the  rotor  tachometer,  the  altimeter 
and  the  manifold  pressure  gauge  were  unreadable  at  night  due  to  the 
position  of  the  flight  instrument  par  el. 

c.  When  the  instrument  panel  lights  were  adjusted  to  adequately 
illuminate  the  instruments,  a great  amount  of  light  was  reflected  from 
the  bubble  into  the  pilot's  ryes.  With  the  mstrument  panel  lights  turned 
off,  a complete  panel  Cif  luminous  dial*-  ar.d  gauges  was  reflected  in  the 
bubble . 


d.  An  auxiliary  light  cr  map  light  should  be  placed  in  the  cock- 
pit to  aid  in  navigation  and  to  furnish  light  in.  case  of  electrical  failure 
of  the  instrument  panel  lighting  circuit. 
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SUBJECT:  Light  Evaluation  of  the  PH-9 


23  September  1963 


4.  Summary.  At  present  the  cockpit  and  instrument  panel  illumi- 
nation of  this  aircraft  does  not  meet  the  military  standards  for  a pri- 
mary or  instrument  trainer  capable  of  performing  night  training  mis- 
sions. 


/ s/  William  C.  Thrasher 

1 Incl  / 1/  WILLIAM  C.  THRASHER 

as  1/Lt.  , MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 

COCKPIT  LIGHT  STUDY 
PH-9 

Are  all  instruments  adequately  illuminated?  No  (Note  para  3a) 


Are  they  illuminated  uniformly?  No  (Note  para  3b)  Is  there  suffi- 
cient intensity?  No 


Is  illumination  controllable  to  very  low  intensities?  Yes  (Aperature 
Change) 

Are  markings  of  instruments  readable?  No  (Note  para  3b) 


Are  all  controls,  instructions,  and  nameplates  adequately  illumi- 
nated? No 


Are  they  illuminated  uniformly?  No  Is  there  sufficient  inten- 
sity? No 

Is  illumination  controllable  to  very  low  intensities?  No  (Note  para 
3c) 

Are  markings  on  controls,  instructions  and  nameplates  readable? 
No 


Is  the  intensity  of  lighting  for  some  instruments  and  controls  con- 
trolled separately?  No 


Is  an  auxiliary  light  provided?  No  Is  the  light  standard  red? 
N/A 


Is  the  power  source  independent  of  normal  lighting  circuit?  N/A 

Are  there  any  sources  of  light  which  give  other  than  standard  red 
light?  Yes 

Are  there  any  reflections  in  the  windshield,  windows,  canopy  or 
other  reflecting  surfaces  which  interfere  with  visibility  inside  or 
outside  the  cockpit?  Yes  (Note  para  3c) 
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14.  Is  there  light  leakage  into  the  cockpit  from  other  compartments? 

N/A 

15.  Are  spare  lamps  provided  in  sufficient  quantity  and  easily  acces- 
sible? No 

16.  Are  all  instruments,  instructions,  nameplates,  and  control  mark- 
ings readable  in  daylight?  Yes 

17.  Can  warning  and  caution  lights  be  dimmed  sufficiently  for  night 
operations?  No  (Landing  light  indicator  could  not  be  dimmed.  ) 

18.  Are  warning  and  caution  lights  of  sufficient  intensity  for  daylight 
use?  Yes 

19.  Are  warning  and  caution  lights  on  the  main  dimming  circuit?  No 

20.  Is  lighting  provided  in  accordance  with  the  aircraft  detail  specifi- 
cation? N/A 

21.  Is  the  auxiliary  light  adequate  for  reading?  No 

22.  Does  the  light  cause  glare  to  cockpit?  N/A 

23.  Is  there  adequate  general  illumination  for  the  compartment?  No 
(Note  para  3d) 

24.  Do  any  of  the  exterior  lights  provide  glare  in  the  cockpit?  Yes 

25.  Is  exterior  lighting  provided  in  accordance  with  FAA?  Yes 
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Aviation  Field  Operations  Division 
U.  S.  ARMY  AEROMEDICAL  RESEARCH  UNIT 
Fort  Rucker,  Alabama 

USAARU-FO  25  June  1963 

REPORT  ON  PH-9 

1.  Method  of  Testing. 

a.  The  heating  and  ventilation  evaluation  of  the  PH-9  consisted 
of  comparisons  of  outside  air  temperature  and  cockpit  air  temperature 
with  the  aircraft  under  all  operating  conditions.  In  conjunction  with 
these  checks,  a carbon  monoxide  test  was  also  made. 

b.  Equipment  consisted  of: 

(1)  Weston  Aneroid  Thermometer,  Model  2291. 

(2)  Mine  Safety  Appliance  Company  Carbon  Monoxide 
Tester,  Category  No.  DS-47133. 

2.  Results.  (See  Annex  A) 

3.  Discussion. 

a.  Although  reasonably  high  temperatures  were  encountered 
on  the  aircraft  with  doors  on,  windows  closed  and  vents  closed  (see 
Annex  A),  it  is  felt  that  this  aircraft  will  rarely  be  operated  under 
those  conditions  with  existing  outside  temperatures  in  the  90°F.  range. 

b.  The  recommended  maximum  temperatures  for  clothed  men 
not  especially  acclimatized  are  as  follows: 

(1)  Resting  in  still  air  - 88°F. 


(2)  Resting,  with  some  air  movement  (170  FPM  air  velo- 
city - 93°F. 

(3)  Moderate  work,  still  air  - 78°F. 

•U  I 

Reference:  Patty,  Frank  A.  , Industrial  Hygiene  & Toxicology  (2d  ed.  , 

Vol.  1;  New  York:  Interscience  Publishers  Inc.  , 1 958). 
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c.  Comparing  recommended  working  temperatures  (see  above) 
with  temperatures  found  in  aircraft  (see  Annex  A),  a mean  working  tem- 
perature of  90°F.  was  derived.  This  is  felt  to  be  within  limits. 

d.  A small  percentage  of  carbon  monoxide  (.  01)  was  found  in 
the  aircraft  with  the  doors  on,  windows  closed,  vents  closed,  and  the 
aircraft  on  the  ground  at  operating  RPM.  This  amount  is  not  felt  to  be 
significant  and  rarely  will  the  aircraft  be  operated  on  the  ground  with 
doors  on,  windows  closed,  and  vents  closed. 

e.  A heater  was  not  present  on  this  aircraft. 


/ s/  J.  C.  Rothwell 

1 Incl  / 1/  J.  C.  ROTHWELL 

as  Captain,  MSC 

Ass't  Chief,  Avn  Fid  Opns  Div 
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HEATING  AND  VENTILATION  EVALUATION 


OF  OFF-THE-SHELF  HELICOPTER  TRAINERS 


Analyzed  by  Capt.  Rothwell 


Date  14  June  1963 


A/ C|  Out 


VENTILATION 
On  Ground 


Doors  Off  (P) 


Doors  On  - Window  Closed,  Vent  Open 


Doors  On  - Window  Closed,  Vent  Closed 


Hover 

Doors  Off  (P) 

Doors  On  - Window  Closed,  Vent  Open 
Doors  On  - Window  Closed,  Vent  Closed 


In-Flight 
Doors  Off  (P) 

Doors  On  - Window  Closed,  Vent  Open 
Doors  On  - Window  Closed,  Vent  Closed 


0 

0 

0 

0 

O 

0 

A/C 

Out 

94°F 

90°F 

96°F 

90°F 

98°F 

90OF 

92°F 

90°F 

94°F 

906F 

96°F 

90°F 

90°F 

87°F 

HEATING5'1 


*Heater  not  present  on  this  aircraft. 
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HEADQUARTERS 

UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 
Fort  Wolters,  Mineral  Wells,  Texas 


AKPWO-HS  30  September  1963 

SUBJECT:  Evaluation  of  Mission  Suitability  of  the  Primary 
Helicopter  Trainer  (Off  the  Shelf)  USATECOM 
Project  No.  4-3-1000-01-A 


TO:  President 

US  Army  Aviation  Test  Board 
Fort  Rucker,  Alabama 


Attached  hereto  are  reports  of  evaluation  of  mission 
suitability  for  the  PH-6,  PH-7,  and  PH-9  Helicopters . 


3 Incls 

1.  PH-6 

2.  PH-7 

3.  PH-9 


/ s / J.  E.  Gonseth,  Jr 
ft/  J.  E.  GONSETH,  JR 
Colonel,  Signal  Corps 
Commandant 


PARAGRAPH  B 


EVALUATION  OF  MISSION  SUITABILITY 
OF  THE 

PH-9  HELICOPTER  AS  CONDUCTED  BY  THE 
UNITED  STATES  ARMY  PRIMARY  HELICOPTER  SCHOOL 

1.  Scope.  Experienced  primary  flight  instructors  from  the  US 
Army  Primary  Helicopter  School  conducted  primary  flight  training 
with  qualified  student  officers  with  no  previous  flight  experience  and 
transition  training  for  rated  Army  aviators  with  varied  experience  in 
observation  helicopters.  The  helicopter  was  repeatedly  flown  through 
typical  training  missions  with  the  students  being  required  to  perform 
maneuvers  included  in  the  approved  flight  syllabus  of  the  US  Army 
Primary  Helicopter  School,  Fort  Wolters,  Texas. 

2.  Findings. 

a.  Hovering. 

(1)  The  student  pilot  is  unable  to  adjust  the  cyclic  trim 
control  while  at  a hover  due  to  the  fact  that  he  must  release  the  collec- 
tive pitch  control  with  the  left  hand  to  make  the  required  adjustments. 
The  instructor  pilot  could  not  make  any  adjustments  as  the  controls 
are  located  out  of  his  reach.  This  precludes  the  instructor  demon- 
strating the  correct  inflight  trim  application  to  the  student.  Although 
the  control  forces  can  be  overridden  by  the  pilot,  prolonged  operations 
with  an  out  -of-trim  condition  becomes  irritating  and  tiresome  to  the 
beginner  aviator  and  detiacts  from  the  learning  process. 

(2)  Directional  control  is  unacceptably  sensitive  for  pri- 
mary student  training.  The  normal  tendency  of  the  student  pilot  to  be 
late  in  correcting  for  errors  and  to  overcontrol  when  corrective  action 
is  taken  resulted  in  see- sawing  action  in  all  hovering  work. 

(3)  Sufficient  pedal  control  action  was  lacking  at  times  for 
proper  recovery  from  student  errors  and  inadvertent  unusual  attitudes. 

(4)  The  rate  of  movement  to  the  point  from  which  a safe 
recovery  from  unusual  attitude  can  be  made  is  reached  exceedingly 

Incl  3 
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d.  Running  Take-Off  and  Landings. 

(1)  Directional  control  is  unacceptably  sensitive  for  pri- 
mary student  training  as  the  helicopter  taxied  over  the  ground,  as  it 
broke  ground  on  take-off  and  upon  ground  contact  and  ground  run  during 
the  landing. 


(2)  The  action  of  the  oleo  struts  contributes  to  the  problem 
of  directional  and  cyclic  control  on  take-offs  and  landings.  During  a 
crosswind  take-off,  application  of  cyclic  control  into  the  wind  depresses 
the  upwind  oleo  and  causes  the  downwind  skid  to  lift  off  the  ground. 

Prior  to  reaching  translational  lift,  the  limit  of  directional  control  is 
reached  and  the  pilot  is  unable  to  compensate  for  the  unequal  skid  drag 
condition.  Inadvertent  landing  on  one  skid  causes  an  unequal  oleo  ac- 
tion and  skid  drag,  creating  an  area  of  pedal  and  cyclic  action  that  is 
beyond  the  primary  student's  ability. 

e.  Hovering  Autorotations. 

(1)  Low  inertia  rotor  system  imposes  the  need  for  excep- 
tional skill  and  timing  by  the  pilot.  Yaw  control  and  collective  pitch 
application  must  be  perfectly  timed.  This  requirement  for  such  pre- 
cision is  unacceptable  for  primary  student  training. 

12)  In  teaching  this  maneuver  to  a student,  the  instructor 
pilot  would  be  required  to  accept  an  inordinate  amount  of  risk  during 
the  "IP  hands  off"  stage.  There  is  little  or  no  margin  for  error. 

(3)  Power  recoveries  from  hovering  autorotations  were 
not  attempted  because  of  the  characteristic  of  the  blade  dampers  to 
dephase  at  power  surge. 

f.  Autorotations. 

(1)  Day  and  night  autorotational  landings  were  performed. 
This  aircraft  required  a low  flare  of  approximately  twenty  feet  altitude 
with  initial  pitch  application  being  made  at  approximately  three  feet, 
with  a continuous  application  until  ground  contact.  The  main  rotor  RPM 
decayed  at  a rapid  rate  after  initial  pitch  application  with  subsequent 
reduction  in  directional  control  on  landing  runout.  The  flare  altitudes, 
amount  of  flare,  and  altitude  and  amount  of  initial  pitch  application  are 
unacceptably  critical  for  primary  student  training  due  to  the  low  inertia 
rotor  system  with  a rapid  rate  of  main  rotor  RPM  decay  at  pitch 
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fast,  thereby  allowing  insufficient  latitude  for  instructor  pilot  correc 
tions. 


(5)  The  problems  of  directional  control,  insufficient  pedal 
control  and  latitude  for  student  error  are  magnified  by  a crosswind 
condition. 


(6)  Pilot  posture  due  to  seat  and  control  relationship  is 


very  fatiguing 


b.  Normal  Take-Off  and  Normal  Approach 


(1)  Directional  control  is  unacceptably  sensitive  for  pri- 
mary student  training  as  the  helicopter  moved  through  effective  trans- 
lational lift  into  forward  flight  and  upon  termination  of  the  approach  to 
a hover.  A crosswird  condition  of  8-15  knots  magnified  the  problems 
cf  directional  control  to  the  point  where  the  primary  student  could  not 
safely  control  the  helicopter  during  the  approach  and  termination.  Con 
siderable  effort  is  required  by  the  instructor  to  safely  control  the  air- 
craft under  similar  conditions. 


(2)  The  problem  of  directional  control  causes  overcontrol- 
ling of  other  controls  while  trying  to  maintain  a heading  or  to  correct  a 
heading  error. 


(3)  The  airspeed  indicator  is  unacceptably  sensitive  to 


minor  attitude  changes 


c.  Maximum  Performance  Take-Off  a 


(2)  The  aircraft  has  a tendency  to  weathercock  during  a 
maximum  performance  take-off  in  crosswind  conditions.  Inadvertent 
slow  airspeed  at  this  point  cf  the  take-off  results  in  insufficient  pedal 
control  to  prevent  the  helicopter  from  going  into  uncontrollable  turns 
during  climb-out. 


application.  The  aircraft  is  ret  forgiving  at  this  critical  point  of  the 
maneuver  and  affords  the  instructor  pilot  little  leeway  for  corrective 
action  after  normal  student  errors.  The  requirement  for  a low  flare 
at  approximately  twenty  feet  of  altitude  with  initial  pitch  application  for 
cushioning  the  landing  required  at  approximately  three  feet  of  altitude 
develops  such  a rapid  series  of  events  that  the  primary  student  would 
be  unable  to  learn  the  required  touchdown  techniques  within  the  pre- 
scribed time.  The  rapid  decay  of  main  rotor  RPM  after  the  initial 
application  of  collective  pitch  requires  that  the  altitude  of  initial  appli- 
cation be  exact.  The  precision  required  at  this  critical  point  of  the 
autc>rotation  is  such  that  there  is  little  or  no  margin  for  error  and  dic- 
tates that  the  instructor  pilot  must  ride  the  controls  heavily  at  all 
times,  thus  continually  leading  the  student  through  all  control  applica- 
tions. This  would  greatly  reduce  the  effectiveness  of  the  Primary 
course.  A requirement  for  a power  recovery  due  to  student  error  at 
initial  pitch  application  induce*  such  a rapid  series  of  events  that  the 
pilot  is  unable  to  maintain  heading,  regain  operating  rotor  and  engine 
RPM  and  return  the  aircraft  to  safe  flight  conditions. 

(2)  The  autorotative  characteristics  outlined  above  are  un- 
acceptable for  primary  student  training.  They  would  be  very  detrimen- 
tal to  the  student's  mental  composure  and  would  adversely  affect  the 
learning  process. 

g.  Simulated  Forced  Landings. 

(1)  The  normal  student  delay  in  reducing  the  collective 
pitch  to  the  full-down  position  and  in  making  proper  application  of  right 
pedal  for  torque  control  in  response  to  a power  cut  caused  the  main 
rotor  RPM  to  decay  below  the  lower  safe  limit  of  400  RPM.  No  margin 
for  student  error  is  available.  An  inadvertent  application  of  left  pedal 
at  power  cut,  an  error  not  uncommon  with  primary  students,  causes 
the  aircraft  to  start  an  immediate  tumbling  roll  towards  the  left  front. 
Full  right  arid  full  aft  cyclic  control  combined  with  an  immediate  power 
recovery  are  required  to  recover  from  this  unusual  attitude. 

(2)  The  loss  of  main  rotor  RPM  and  yawing  to  the  left  of 
approximately  forty -five  degrees  at  power  cut  would,  for  reasons  of 
safety,  require  the  instructor  pilot  to  advise  the  student  in  advance  of 
the  maneuver  and  to  then  heavily  ride  the  controls,  thus  leading  the 
student  into  the  autorotational  descent.  This  procedure  would  have  to 
be  continued  throughout  the  cour  se  of  instruction  due  to  the  inability  of 
the  students  to  react  quickly  enough  to  the  required  control  inputs 
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necessary  to  counteract  the  rapid  changes  of  aircraft  attitude  and  RPM 
loss.  This  would  greatly  reduce  the  effectiveness  of  the  Primary 
Course. 

(3)  All  of  the  autorotative  touchdown  characteristics  listed 
under  autorotations  are  unacceptable  for  primary  student  training  dur- 
ing the  teaching  of  simulated  forced  landing  touchdowns. 

h.  Decelerations.  Yaw  control  is  unacceptably  sensitive  for 
primary  student  training. 

i-  Simulated  Anti-Torque  Control  Failure.  Low  inertia  rotor 
system  imposes  the  need  for  exceptional  skill  and  timing  by  the  pilot. 
Yaw  control  at  entry  to  the  maneuver  and  collective  pitch  application 
must  be  perfectly  timed.  This  requirement  for  such  precision  is  un- 
acceptable for  primary  student  training. 

j.  General. 


(1)  The  clutch  engagement  cable  is  routed  under  a lead 
acid  battery. 

{2)  The  exhaust  stacks  are  located  on  the  bottom  of  the  air- 
craft near  the  fuel  drains  constituting  a fire  hazard  during  confined  area 
operations. 

(3)  The  pilot  is  unable  to  check  the  oil  level  between  flights 
without  long  delay  because  the  oil  dip  stick  handle  is  too  hot  to  touch. 

(4)  Any  rapid  application  of  throttle  to  join  the  needles  or 
to  apply  power  dephased  the  blade  dampers  inducing  a condition  condu- 
cive to  ground  resonance.  Dephased  blade  dampers  induced  a severe 
vibration  during  descending  powered  flight  and  autorotative  descent. 

(5)  The  control  trims  and  control  locks  are  available  only 
to  the  student  pilot. 

(6)  The  clutch  hand  lever  is  completely  out  of  the  instruc- 
tor's reach  and  he  is  entirely  dependent  upon  the  student  for  clutching 
and  de -clutching.  Rapid  engagement  of  clutch  will  dephase  the  blade 
dampers,  inducing  a condition  conducive  to  ground  resonance  or  blade 
damage. 
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(7)  This  aircraft  moves  so  rapidly  into  an  extreme  condi- 
tion after  a student  induced  error  that  the  instructor  pilot  must  main- 
tain an  extremely  high  level  of  alertness.  This  makes  flight  instruction 
in  the  aircraft  exceptionally  tiring  and  creates  a feeling  of  tension  dur- 
ing the  flight  that  is  detrimental  to  the  presentation  of  instruction. 


(8)  The  placement  of  the  flight  instruments  does  not  coin- 
cide by  association  with  the  flight  controls.  This  is  detrimental  to  a 
good  cross  check.  The  RPM  gage,  associated  with  the  pilot's  left  hand 
and  arm,  is  located  on  the  right  side  of  the  console.  The  airspeed  in- 
dicator, associated  with  the  pilot’s  right  hand  and  arm,  is  located  on 
the  left  side  of  the  console. 


(9)  The  collective  pitch  and  throttle,  when  not  frictioned, 
c*reep  in  flight  and  the  engine  RPM  will  drop  300  RPM  or  more  in  a 
fraction  of  a second  if  the  pilot  attempts  to  tune  the  radio,  set  trim, 
or  make  any  other  adjustments  requiring  the  removal  of  his  left  hand 
from  the  collective  pitch  control. 


3.  Comparison  with  Criteria  for  Evaluation  of  Mission  Suitability 
of  "Off  the  Shelf"  Primary  Trainers.  A comparison  of  the  characteris 
tics  of  the  helicopter  with  the  Criteria  for  Evaluation  follows: 


Helicopter 

Meets 

Criteria 


Criteria  for  Evaluation 


Flight  Controls  (Cyclic,  collective 
and  anti-torque):  Must  have  a rapid 
response  with  no  tendency  to  over- 
shoot in  response  to  corrections  in 
powered  arid  non -powered  flight  dje 
to  the  gei  etal  inability  of  the  student 
pilot  to  treat  ary  aircraft  with  the 
same  finesse  and  care  of  a seasoned 


Stability:  Inherent  stability  in  the 
vertical,  longitudinal  and  lateral 
axis  that  will  absorb  power  changes 
(Power  to  non -power,  non-power  to 
power,  intentional/ inadvertent)  with 
minimum  corrective  action  required 
to  regain  positive  control. 
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Criteria  for  Evalution 

Power  Reserve:  Provide  an  ade- 
quate power  reserve  that  will  allow 
the  instructor  pilot  to  contain  or 
recover  from  unusual  situations 
induced  by  student  errors. 

Autorotative  Characteristics: 

Rotor  mass  and  inertia  adequate 
to  allow  for  student  error  in  auto- 
rotative landings. 

Latitude  for  Student  Error:  Inher- 
ent flight  characteristics  that  will 
allow  a student  to  make  an  identifi- 
able error  and  still  have  sufficient 
latitude  for  the  student  pilot  and/or 
instructor  pilot  to  make  a recovery. 
No  preflight  or  starting  techniques 
that  would  demand  detailed  proce- 
dure or  unusual  knowledge  on  the 
part  of  the  student  and  instructor 
pilot. 

Training  Endurance  Considerations: 
Adequate  ventilation,  heating  and 
defrosting  equipment.  Ample 
shoulder  room  between  IP  and  stu- 
dent, and  between  collective  and 
door.  Comfortable  seat  cushions 
to  allow  four  hours  of  flight  without 
undue  fatigue. 

Location  of  Controls:  Trim  con- 

trols if  required  on  each  cyclic 
stick.  Any  control  or  safety  de- 
vices in  sight  and  reach  of  IP. 

Ground  Resonance:  Must  be  free 
from  ground  resonance. 


Helicopter 

Meets 

Criteria  Remarks 


Yes 


No  See  para  2e,  f,  g, 

and  i. 


No  See  para  2a,  b,  c, 

d,  e,  f,  g,  i,  and  j. 


No  See  para  2a(6)  and 

j(7). 


No  See  para  2a(l)  and 

j(5)  (6). 


No  See  para  2e(3)  and 

j(4)  (6). 
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PARAGRAPH  C 

| BAAR-P  30  September  19&3 

SUBJECT:  USABAAR's  Evaluation  of  PH-9  Off-the-Shelf  Primary- 
Helicopter  Trainer 


TO:  President 

U.  S.  Army  Aviation  Test  Board 
ATIN:  Off-the-Shelf  Project  Officer 
Fort  Rucker,  Alabama 


1.  The  following  is  USABAAR's  evaluation  of  the  PH-9  entry  for 
the  off-the-shelf  primary  helicopter  trainer  competition.  The  evalu- 
ation considered  the  categories  of  aviation  safety  and  accident  preven- 
tion in  three  primary  categories.  In  each  of  these  categories,  there 
are  certain  deficiencies  which  will  detract  from  its  mission  capability 
and  should  be  considered  by  those  responsible  for  selecting  the  winner 
of  the  competition.  Categories  considered  are: 

a.  Operational  Safety  - This  category  considers  those  features 
of  the  aircraft  and  its  operating  characteristics  that  are  considered 

to  be  conducive  to  accident  causation  and  which  may  detract  from  the 
operator's  ability  to  maintain  safe  flight  at  all  times. 

b.  Maintenance  Safety  - This  category  considers  maintenance 
design  features  of  the  aircraft  contributing  to  accident  causation.  It 
includes  those  features  of  "Murphy's  Law,"  ease  of  inspection,  acces- 
sibility for  component  replacement,  the  preflight  inspection  imposed  on 
the  operator,  etc. 

c.  Crashworthines s - This  category  considers  design  features 
of  the  aircraft  that,  in  th  event  of  a crash,  provide  protection  to  the 
occupants  from  injury.  It  also  includes  features  of  crash-fire  worthines s. 

2.  Evaluation  comments  are  as  follows: 

a.  Operational  Safety 

(1)  Clutch  engagement  - No  provisions  are  included  to  prevent 
starting  the  engine  with  the  clutch  engaged  to  prevent  damper  and  rotor  head 
damage. 
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BAAR-P  30  September  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-9  Off-the-Shelf  Primary 

Helicopter  Trainer 

(2)  Engine  instrument  group  - The  mounting  angle  of  the 
instruments  makes  readout  difficult. 

(3)  Intercom  system  - A two  position  ICS/ Transmit  switch 
should  be  located  on  the  cyclic  control  to  preclude  the  need  to  remove 
hands  from  control  grip  in  event  of  emergency. 

(4)  Pilot  distraction  and  loss  of  visibility  - The  instruments 
are  mirrored  in  the  bubble  during  day  and  night.  The  light  angle  and 
the  reflection  characteristics  of  the  bubble  are  such  that  during  night 
and  day  operations,  the  instrument  panel  is  noticeably  visible  in  the 
bubble. 


I 

i 


i 


(5)  Navigation  lights  - The  light  positioned  above  the  bubble 
creates  detracting  reflections  on  the  bubble  at  night.  The  modification 
that  relocates  the  lights  on  the  skid  assembly  appears  to  be  more  satis- 
factory. 


(6)  Instruments  - Instrument  legibility  becomes  blurred 
and  difficult  to  read  at  night  when  using  the  landing  light  during  final 
approach  and  hover.  This  deficiency  is  particularly  noticeable  when 
the  instrument  light  is  partially  dimmed. 

(7)  Map  light  - There  are  none  installed  or  proposed.  Map 
lights  should  be  installed  to  preclude  the  use  of  makeshift  lights. 

(8)  Banding  light  - The  fixed  landing  light  causes  excessive 
glare  on  the  bubble  when  operating  close  to  the  ground. 

(9)  Transmission  and  pressure  warning  lights  - The  labels 
of  these  displays  are  not  visible  to  the  pilot. 

(10)  Engine  exhaust  - It  is  located  approximately  15  inches 
from  the  ground  and  acts  as  an  ignition  source  when  operating  in  areas 
of  tall  dry  grass. 

(11)  Skid  Shoe  - The  short  skid  shoe  installation  exposes  skids 
to  catching  on  ground  objects.  Installation  of  full  length  skid  shoes  is 
required  to  preclude  snagging  ground  objects. 


286 


1 


m o*ris»Atr-psr~ffWtv 


BAAR-P  30  September  1963 

SUBJECT:  USABAAR's  Evaluation  of  PH-9  Off-the-Shelf  Primary- 

Helicopter  Trainer 

(12)  Autorotation  characteristics  - The  autorotation  charac- 
teristics are  such  that  more  skill  is  required  to  perform  this  maneuver 
than  is  presently  needed  in  any  other  helicopter  presently  in  the  Army 
inventory.  USABAAR.  is  of  the  opinion  that  this  factor  alone  would  make 
this  helicopter  unacceptable  as  a primary  trainer. 

(13)  Cyclic  control  - Upon  entering  autorotation  an  unusually 
excessive  amount  of  aft  cyclic  control  is  necessary  to  maintain  desired 
air  speed. 


(14)  Cyclic  trim  control  - When  flying  at  or  near  gross  weight, 
there  is  insufficient  amount  of  forward  cyclic  trim  to  alleviate  control 
pressures . 

b.  Maintenance  Safety 

(1)  Pitch  change  push-pull  rods  - The  pitch  change  push-pull 
rods  from  the  lower  bell  cranks  to  the  main  rotor  system  are  susceptible 
to  damaging  lateral  loads  when  used  as  hand  holds.  Their  accessibility 
makes  the  occurrence  very  likely. 

(2)  Magnetic  chip  detector  - Install  magnetic  chip  detectors 
of  the  continuous  readout  type  in  the  transmission  and  engine  oil  sumps. 


c.  Crashworthiness 


(1)  Seat  pan  - Energy  absorption  in  the  vertical  direction 
appears  to  be  unsatisfactory.  This  is  based  on  the  amount  of  space 
available  before  the  seat  pan  ,:bottoms  out.  " 

(2)  Seat  back  rest 

(a)  The  space  behind  the  back  rest  is  accessible  for  the 
storing  of  odd  items  such  as  clipboards,  tools,  handbooks,  etc.  These 
items  can  contribute  to  crash  injury. 

(b)  The  energy  absorption  qualities  of  the  thermoplastic 
material  are  unknown  as  to  the  extent  they  may  protect  against  injury. 
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SUBJECT: 


30  September  1963 

USABAAR's  Evaluation  of  PH-9  Off-the-Shelf  Primary- 
Helicopter  Trainer 


(3)  Cyclic  control  - The  design  and  position  of  the  cyclic 
control  makes  it  lethal  in  the  production  of  injury. 

(4)  Shoulder  harness  and  inertia  reel  - Any  aircraft  pro-  jj 

curement  must  include  these  items  to  be  acceptable  to  USABAAR. 

(5)  Seat  belt  - The  attaching  point  is  not  self-aligning  in 
all  directions  which  makes  it  vulnerable  to  failure  when  lateral  loads 

I are  applied. 

(6)  Cockpit  integrity  - The  cockpit  lacks  structural  mem- 
bers that  will  prevent  impingement  upon  the  occupants  in  the  event  of  a i 

crash. 

(7)  F uel  cell  - The  cell  design  is  susceptible  to  rupture. 

Its  immediate  proximity  to  ignition  sources  creates  a post-crash  fire 
hazard. 

| 

3.  The  following  features  are  recognized  as  desirable  and  con- 
sidered worthy  of  mention: 

a.  Cyclic  and  pitch  control  forces  are  negligible. 

b.  The  range  of  external  vision  from  the  cockpit  is  excellent. 

c.  The  throttle  and  pitch  controls  are  well  correlated. 

d.  The  design  and  the  inspection  requirements  of  this  aircraft 
makes  it  easy  for  the  pilot  to  perform  his  preflight. 

e.  The  landing  gear  design  was  found  to  have  some  outstanding 

' characteristics.  Forces  applied  to  the  landing  gear  during  hard  landings 

are  not  transmitted  to  the  basic  airframe  structure;  thus,  eliminating 
main  rotor  blade  flexing. 

/s/  Robert  M.  Hamilton 
/ 1/  ROBERT  M.  HAMILTON 


Colonel,  Infantry 
Director,  USABAAR 


PARAGRAPH  D 

U.  S.  ARMY  AVIATION  HUMAN  RESEARCH  UNIT 
Fort  Rucker,  Alabama 


9 October  1963 


Human  Factors  Evaluation:  PH-9  Helicopter 


1.  Summary 


1.  1 The  design  philosophy  of  the  PH-9  was  in  large  part  guided 
by  human  factors  considerations  related  to  the  primary  helicopter  train- 
ing mission.  As  a result,  the  aircraft  was.  found  to  be  highly  satisfactory 
from  the  human  factors  standpoint.  Design  decisions  in  large  part  appear 
to  have  been  resolved  in  favor  of  the  crew,  maintenance  personnel,  or 
freedom  from  maintenance;  rather  than  maximization  of  performance 
parameters. 

1.  2 The  major  deficiencies  noted  were  poor  sideward  visibility  for 
tall  personnel,  and  an  unsatisfactory  location  for  the  C-1611  Intercommu- 
nication Set  Control.  In  its  proposed  location  the  C-161  1 Control  would 
be  dangerous  due  to  its  sharp  edges,  difficult  to  use,  and  difficult  to  see. 
Specification  of  this  relatively  large  control  is  regarded  as  unrealistic 
for  this  compact  helicopter,  and  it  is  recommended  that,  any  Army  pur- 
chase specify  that  the  contractor  provide  the  applicable  functions  of 
these  C-1611  Controls  at  the  location  of  the  presently  installed  Inter- 
phone-Transmit  switch,  which  is  quite  satisfactory. 

1.  3 Strong  points  were  good  visibility  except  as  noted  above,  and 
good  design  from  the  standpoint  of  inspection  and  maintainability. 

2.  Detailed  Considerations 


2.  1 Handling  characteristics  were  regarded  as  generally  satis- 
factory, with  no  major  problems  from  the  human  factors  standpoint. 

2.  2 Visibility  was  generally  good. 

2.  2.  1 View  of  instruments  was  good. 

2.  2.  2 Forward  and  rearward  visibility  wa  good. 
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Human  Factors  Evaluation:  PH-9  Helicopter  9 October  1963 

Z.  2.  3 Downward  visibility  was  satisfactory  except  for  lack  of  view 
of  the  skids.  Skid  view  is  not  of  major  importance  for  experienced  pilots, 
but  is  of  value  for  student  orientation.  If  the  PH-9  should  be  purchased, 
probably  a skid  reference  would  be  improvised  by  attaching  a stiff  but 
yielding  (like  steel  auto  curb  feelers  or  rubber  goal  line  flag  masts) 
extension  to  the  skid. 

2.  2.  4 Sideward  visibility  was  good  except  for  tall  personnel. 

Sideward  visibility  at  flight  level  will  be  poor  for  pilots  above  the  95th 
percentile  in  seat  to  eye  height  with  the  doors  off,  and  down  to  about 
the  85th  or  90th  percentile  with  the  doors  on.  Visibility  is  restricted 
more  on  the  near  side  than  on  the  far  side.  No  seat  adjustment  is  pro- 
vided which  would  permit  the  eyes  of  tall  individuals  to  be  located  at  a 
level  where  satisfactory  sideward  visibility  could  be  obtained. 

2.  3 Glare  shields  on  the  "Landing  Light  On"  signal  light  and  the 
"Transmission  Oil  Temperature  and  Pressure"  warning  signal  lights 
mask  their  labels.  The  shield  should  be  redesigned  for  the  Trans- 
mission Oil  Temperature  and  Pressure  warning  lights  with  the  labels 
placed  on  it  in  a manner  visible  from  both  crew  stations.  The  labels 
should  be  placed  so  that  illumination  of  the  indicator  light  will  provide 
illumination  of  the  appropriate  label,  or  else  the  label  should  be  placed 
on  the  lens  of  the  indicator. 

2.4  The  "Landing  Light  On"  indicator  uses  a red  lens,  which  should 
only  be  used  to  indicate  a dangerous  situation  requiring  immediate  action. 
A green  or  white  lens  should  be  used  on  this  indicator.  This  is  particu- 
larly advisable  since  a red  indication  could  easily  be  confused  with  the 
adjacent  transmission  oil  warning  signals,  or  the  transmission  oil  warn- 
ing signals  not  noticed.  Consideration  should  be  given  to  eliminating  the 
"Landing  Light  On"  indicator. 

2.  5 The  engine  status  indicators  do  not  conform  to  desirable  prac- 
tices of  arranging  these  in  a way  that  indicates  "OK"  when  they  are 
aligned,  but  the  present  arrangement  requiring  separate  reading  of 
each  indicator  is  considered  preferable  over  an  alignment  scan  arrange- 
ment. This  is  due  to  the  fact  that  operational  Army  aircraft  will  all  re- 
quire separate  reading  of  these  indicators.  When  most  operational 
Army  aircraft  employ  alignment  scan  status  indicators,  then  it  would  be 
desirable  for  the  primary  trainer  t.o  also  incorporate  this  arrangement 
of  indicators. 
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2.  5.  1 The  arrangement,  of  the  Fuel  Quantity,  Amperes,  Fuel  Pres- 
sure, Cylinder  Head  Temperature,  Engine  Oil  Pressure,  and  Engine 
Oil  Temperature  indicators  used  is  regarded  as  less  than  optimum. 
Switching  the  locations  of  the  Engine  Oil  Temperature  and  Amperes 
indicators  would  be  desirable. 

2.  5.  2 The  safe  operating  ranges  of  the  Fuel  Pressure,  Cylinder 
Head  Temperature,  Engine  Oil  Temperature,  and  Engine  Oil  Pres- 
sure indicators  are  not  easily  determined  under  night  instrument  panel 
illumination.  It  is  recommended  that  green  and  yellow  operating  range 
arcs  be  placed  on  these  indicators  with  the  same  materials  and  widths 
as  are  used  on  the  Engine-Rotor  R.  P.  M.  indicator. 

2.  6 During  night  operation  minor  reflections  were  noted  from  cock- 
pit lighting  or  tail  boom  rotating  beacon.  However,  these  were  not 
regarded  as  of  concern  for  the  intended  night  use  of  the  primary  heli- 
copter trainer. 

2.  7 Dual  trim  controls  are  not  provided.  Trim  controls  for  the 
left  seat  would  be  desirable  when  the  instructor  occupies  this  position. 
Quick  adjustment  of  trim  cannot  easily  be  accomplished  from  the  left 
seat  while  also  controlling  the  helicopter.  Linked  trim  controls  per- 
mitting left  handed  trim  adjustment  from  the  left  seat  would  be  desir- 
able. 


2.  8 The  proposed  location  of  the  C-1611  Intercommunication  Set 
Control  was  not  satisfactory  for  the  listed  reasons. 

2.  8.  1 The  sharp  edges  of  the  C-1611  Control  wjuld  present  a 
hazard  to  both  occupants. 


2.  8.  2 The  control  would  be  difficult  to  see  in  the  proposed  loca- 
tion, and  the  head  twisting  required  to  see  it  would  invite- vertigo. 

2.  8.  3 The  control  would  be  difficult  to  reach,  particularly  while 
wearing  winter  clothing. 


2.  8.  4.  A satisfactory  alternate  location  for  the  C-1611  Controls 
could  not  be.  found. 
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2.8.  5 The  specification  of  the  relatively  large  C-1611  Controls  for 
this  compact  helicopter  is  regarded  as  unrealistic.  All  required  func- 
tions of  this  control  could  easily  be  provided  in  a much  smaller  pack- 
age which  could  be  appropriately  located. 

2.  8.  6 It  is  recommended  that  any  purchase  of  this  helicopter  speci- 
fy that  the  contractor  provide  the  applicable  functions  of  the  C-1611  Con- 
trol, placing  the  controls  at  the  panel  level  used  for  the  "Intercom-Trans- 
mit"  switch  of  the  evaluated  aircraft. 

2.  8.  6.  1 The  specified  controls  could  be  placed  outside  the  cockpit, 
and  the  applicable  controls  wired  to  operate  at  the  panel  level  used  for 
the  "Intercom- Transmit"  switch  of  the  evaluated  aircraft,  but  this  is  not 
considered  desirable. 

2.  8.  6.  2 It  is  believed  that  the  contractor  could  provide  the  required 
functions  at  less  cost  than  that  of  the  C-1611  Intercommunication  Set 
Control. 

2.  9 It  was  noted  that  the  rear  side  of  the  tilting  seat  back  separated 
from  the  forward  side  at  the  rivet  points.  A stronger  material,  better 
attachment,  or  a single  mould  is  recommended  to  prevent  this  separation. 

2.  10  The  tinted  bubble  panels  above  and  behind  the  crew  positions 
are  desirable  as  a means  of  reducing  radiation  and  temperatures  imposed 
on  the  crew  during  hot  weather. 

2.  11  The  plastic  used  for  the  seat  back  could  be  uncomfortable  when 
sweating  under  hot  conditions.  Consideration  should  be  given  to  perfora- 
ting this  plastic  in  order  to  provide  some  ventilation  of  the  back,  pro- 
viding structural  properties  are  not  impaired. 


2.  12  The  heater  installation  appears  to  be  capable  of  providing 
adequate  heat  and  bubble  de -fogging. 

2.  13  The  anti-torque  pedals  are  designed  in  a manner  that  might 
permit  their  edge  to  hook  under  the  instrument  panel  plastic  cover  at 
the  side  seam.  Screws  working  out  at  the  seam,  the  flat  straight  edge 
of  the  pedal,  and  the  shortest  pedal  position  of  the  four  proposed,  could 
combine  to  make  forward  inside  pedal  movement  impossible. 


292 


- 

*• 


I 


i 

I 


I ' 
■ 

1 


Human  Factors  Evaluation:  PH-9  Helicopter  9 October  1963 

2.  13.  1 Either  the  position  of  the  seam  should  be  moved  well  aft  of 
maximum  pedal  deflection,  or  else  the  edge  of  the  pedal  should  be  de- 
signed to  preclude  catching  on  this  seam. 

2.  14  The  aircraft  is  outstanding  from  the  standpoint  of  inspection 
and  maintenance.  The  design  minimizes  the  frequency  and  number  of 
required  lubrication  and  maintenance  operations.  Visibility  of  and 
access  to  components  is  very  good,  and  the  design  facilitates  most  main- 
tenance operations. 

2.  14.  1 The  engine  oil  level  dipstick  and  filling  hole  are  difficult  to 
reach.  A special  device  for  adding  oil  is  listed  as  an  available  part, 
and  is  needed.  A permanently- mounted  device  extending  both  the  dip- 
stick and  filling  hole  to  an  accessible  position  is  desirable. 

2.  14.  2 Changing  the  position  of  the  ground  handling  wheels  re- 
quires two  men.  A tool  could  be  designed  to  enable  one  man  to  accom- 
plish this,  and  should  be  considered. 


/s/  Robert  H.  Wright,  Ph.  D. 

/t!  ROBERT  H.  WRIGHT,  Ph.  D. 
Research  Scientist 
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APPENDIX  A 


UNITED  STATES  ARMY  AVIATION  SCHOOL 

OFFICE  OF  THE  COMMANDANT 
FORT  RUCKER,  ALABAMA  36362 


AJRCG  8 November  1963 

SUBJECT:  Report  of  Test,  USATECOM  Project  No.  4-3-1000-01-A, 
Military  Potential  Test  of  Commercial  "Off-the-Shelf" 
Helicopters  as  Primary  Helicopter  Trainers 


TO:  President 

U.  S.  Army  Aviation  Test  Board 
Fort  Rucker,  Alabama 


1.  I have  reviewed  the  final  draft  of  the  subject  report  of  test  and 
reconfirm  my  oral  concurrence  with  the  findings,  conclusions  and  recom- 
mendations contained  therein. 


f 


{ 


II 


2.  While  I am  fully  aware  that  the  responsibility  for  the  primary 
helicopter  training  mission  is  that  of  the  Army  Primary  Helicopter  School 
rather  than  the  Aviation  Center,  I have  a deep  appreciation  for  the  intent 
and  purpose  of  the  off-the-shelf  helicopter  program  as  originally  con- 
ceived and  its  benefit  to  the  over-all  aviation  program,  for  I receive  the 
student  product  from  Fort  Wolters  for  advanced  helicopter  training.  I, 
therefore,  feel  very  strongly  that  the  mission  suitability  findings  as  sub- 
mitted will  totally  defeat  the  intent  of  the  off-the-shelf  procurement 
program  if  acted  upon  without  further  evidence.  Further,  I am  convinced 
there  is  nothing  to  be  gained  by  procuring  the  helicopters  manufactured  by 
Company  B and  Company  C as  primary  trainers  at  a cost  equal  to  or  greater 
than  the  tactical  helicopters  now  being  used  in  the  primary  training  program. 


3.  While  I feel  that  the  evaluation  conducted  by  the  U.  S.  Army 
Aviation  Test  Board  and  the  U.  S.  Army  Primary  Helicopter  School  was 
thorough,  complete  and  factual,  I do  not  feel  that  the  evaluation  was 
suft  iciently  deep  in  scope  to  establish  without  doubt  that  the  primary 
helicopter  training  mission  could  not  be  achieved  with  a light,  inexpensive 
machine. 


297 


& 

• ' preceding 


Bu^NOT  W&WSD 


' f OR  OfftCtAt  USE  UNIT 


I I.  JIUIMWIV 

1 


AJRCG  8 November  1963 

SUBJECT:  Report  of  Test,  USATECOM  Project  No.  4-3-1000-01-A, 
Military  Potential  Test  of  Commercial  "Off -the -Shelf" 
Helicopters  as  Primary  Helicopter  Trainers 

4.  Further,  I am  firmly  convinced  that  any  decision  to  disallow 
further  consideration  of  the  inexpensive  helicopter  based  on  the  findings 
of  this  evaluation  would  be  premature.  Such  decision  would  be  indefensible 
from  the  mission  suitability  standpoint  since  the  evaluation  was  too  limited 
in  scope  and  was  conducted  under  controlled  training  conditions  rather  than 
in  a true  primary  training  atmosphere.  In  my  opinion,  a final  decision  as 
to  the  suitability'  or  unsuitability'  of  a light,  inexpensive  helicopter  must  be 
based  on  more  positive  information. 


5.  When  the  program  for  the  procurement  of  an  off-the-shelf  primary 
trainer  was  approved  by  the  Assistant  Secretary  of  the  Army,  Installations 
and  Logistics  (ASA  I&L),  it  was  suggested  that  a safer  course  of  action 
would  be  to  procure  a small  number  of  machines  for  evaluation  in  an  actual 
primary  training  class  at  Fort  Wolters,  Texas.  Secretary  Ignatius  pointed 
out  that  this  would  be  time  consuming  and  result  in  a more  costly  program; 
however,  he  agreed  that  if  a potentially  suitable  and  more  economical  trainer 
were  selected  by  the  pre-procurement  evaluation,  but  doubt  existed  as  to  its 
mission  suitability,  the  initial  quantities  of  these  production  helicopters  would 
be  used  for  further  evaluation  under  primary  helicopter  training  conditions. 

If,  then,  this  evaluation  resulted  in  a finding  that  the  light,  inexpensive  machine 
is  not  suitable,  procurement  would  be  terminated. 


6.  In  view  of  the  foregoing,  it  is  recommended  that  the  second  step 
of  the  procurement  be  implemented  as  planned,  that  the  delivery  schedule 
be  planned  so  that  the  initial  deliveries  are  scheduled  to  permit  operation 
and  evaluation  in  an  actual  primary  class  at  Fort  Wolters.  The  results  of 
such  an  evaluation  combined  with  the  present  finding  will  produce  defensible, 
conclusive  and  factual  evidence  as  to  the  suitability,  durability'  and  reliability 
of  the  light,  inexpensive  helicopter  for  use  as  an  Army  primary  helicopter 
trainer.  In  addition,  it  will  avoid  creating  a most  embarrassing  situation 
since  the  whole  concept  was  used  to  justify  the  appropriation  of  money  by  the 
Congress. 


Major  General,  USA 
Commandant 


FOR  OFFtC 
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LIST  OF  REFERENCES 


1.  Letter,  OPS  AV  MD,  DCSOPS,  DA,  26  November  1962,  sub- 
ject: "Replacement  of  Tactical  Aircraft  with  Off-the -Shelf  Commercial 

Aircraft.  " 

2.  Letter,  ATUTR-AVN,  Headquarters,  USCONARC,  21  Decem- 
ber 1962,  subject:  "Replacement  of  Tactical  Aircraft  with  Off-the- 
Shelf  Commercial  Aircraft.  " 

3.  Message,  Department  of  the  Army,  ODCSOPS/Army  Aviation 
#328665,  8 January  1963. 

4.  Letter,  AMCMR-MO-A,  US  Army  Materiel  Command,  1 April 

1963,  subject:  "Procurement  of  'Off-the -Shelf ! Training  Helicopter,  " 

with  inclcsure  (revised  SMR's). 

5.  Letter,  AMCMR-MO,  US  Army  Materiel  Command,  29  April 

1963,  subject:  "Off-the -Shelf  Procurement  of  Army  Aircraft  and 

Associated  Avionics.  " 

6.  Letter,  SMOSM-PAIF,  US  Army  Aviation  and  Surface  Materiel 

Command,  17  May  1963,  subject:  TFB  No.  AMC(T)-  23- 204 -63- 568 

(STEP  ONE).  " 

7.  Plan  of  Test,  USATECOM  Project  No.  4-3-1 000-01 -A,  "Evalu- 
ation of  Commercial  'Off-the -Shelf'  Helicopters  as  Primary  Helicopter 
Trainer-,  " US  Army  Aviation  Test  Board,  24  May  1963. 

8.  Plan  of  Test  Concept. 

9.  Message  TT  11128,  Headquarters,  USATECOM.  28  June  1963. 


10.  Company  A Report  HTC-AD63-18,  subject-  Proposal  for  Pri- 
mary Helicopter  Trainer,  14  June  1963. 


; 


13.  Company  B Engineering  Report,  No.  63-65,  subject:  A Pro- 
posal to  the  US  Army  for  a Primary  Helicopter  Trainer,  June  1963, 
with  revision  dated  12  August  1963. 

14.  PH-4  Flight  Handbook. 

15.  Primary  Helicopter  Trainer  Technical  Report,  PH-5,  47-099- 

022,  28  June  1963. 

16.  Primary  Helicopter  Trainer  Maintenance  Summary,  PH-5, 

28  June  1963. 

17.  Primary  Helicopter  Trainer  Proposal  Summary,  PH-5,  28 
June  1963. 

18.  PH-5  Flight  Handbook. 

19.  Primary  Helicopter  Trainer  Technical  Report,  PH-6,  47-099- 

023,  28  June  1963. 

20.  Primary  Helicopter  Trainer  Maintenance  Summary,  PH-6,  28 
June  1963. 

21.  Primary  Helicopter  Trainer  Proposal  Summary,  PH-6,  28 
June  1963. 

22.  PH-6  Flight  Handbook. 

23.  Company  A,  Report  HTC-AD63-27,  subject:  Proposal  for  PH-9 
Primary  Helicopter  Trainer,  12  September  1963. 

24.  Company  A,  Report  HTC-63-28,  subject:  Detail  Specification 
PH-9  Primary  Helicopter  Trainer,  12  September  1963. 

25.  PH-9  Flight  Handbook. 
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US  Army  Aviation  Test  Board,  Ft.  Rucker,  Alabama.  Military  Poten- 
tial Test  of  Commercial  Off-the-Shelf  Helicopters  as  Primary  Helicop- 
ter Trainers.  Final  report,  20  November  1963.  USATECOM  Project 
No.  4-3-  1000-01-A.  312  pp.  , 6 illus.  Unclassified  report.  Six 

helicopters  (PH-1,  PH-4,  PH-5,  PH-6,  PH-7,  and  PH-9)  were  tested 
to  determine  which  commercial  off-the-shelf  FAA- certificated  helicop- 
ters were  suitable  for  use  as  primary  helicopter  trainers.  It  was  con- 
cluded that  the  PH-4,  PH-5,  PH-6,  and  PH-7,  after  correction  of  the 
deficiencies  and  shortcomings  listed  in  this  report,  will  be  suitable  for 
Army  use  as  primary  helicopter  trainers,  but  do  not  meet  the  essential 
objective  of  low  cost;  and  that  the  PH-1  and  PH-9,  after  correction  of 
the  deficiencies  and  shortcomings  listed  in  this  report,  may  be  suitable 
for  Army  use  as  primary  helicopter  trainers.  However,  further  evalu- 
ation would  be  necessary  in  the  training  environment  of  the  USAPHS  at 
Fort  Wolters,  Texas,  before  final  determination  of  their  suitability  for 
the  training  mission  requirement  can  be  made.  It  was  recommended 
that  the  PH-4,  PH-5,  PH-6,  and  PH-7,  after  correction  of  the  de- 
ficiencies and  shortcomings  listed  in  this  report,  be  considered  qua- 
lified for  step  two  of  the  procurement  program;  and  that  the  PH-1  and 
PH-9,  after  correction  of  the  deficiencies  and  shortcomings  listed  in 
this  report,  be  considered  qualified  for  step  two  of  the  procurement 
program  with  the  understanding  that  if  one  is  successful,  final  deter- 
mination of  its  suitability  for  the  training  mission  requirement  be  made 
by  the  USAPHS  after  further  evaluation  at  Fort  Wolters,  Texas. 
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US  Army  Aviation  Test  Board,  Ft.  Rucker,  Alabama.  Military  Poten- 
tial Test  of  Commercial  Off-the-Shelf  Helicopters  as  Primar^yH^licop- 
ter  Trainers.  Final  report,  20  November  1963.  USATECOM^y>ject 
No.  4-3- 1000-0 1 -A.  312  pp.,  6 illus.  Unclassified  report.  Six 

helicopters  (PH-1,  PH-4,  PH-5,  PH-6,  PH-7,  and  PH-9)  were  tested 
to  determine  which  commercial  off-the-shelf  FAA-certificated  helicop- 
ters were  suitable  for  use  as  primary  helicopter  trainers.  It  was  con- 
cluded that  the  PH-4,  PH-5,  PH-6,  and  PH-7,  after  correction  of  the 
deficiencies  and  shortcomings  listed  in  this  report,  will  be  suitable  for 
Army  use  as  primary  helicopter  trainers,  but  do  not  meet  the  essential 
objective  of  low  cost;  and  that  the  PH-1  arlTPTl-9,  after  correction  of 
the  deficiencies  and  shortcomings  listed  i^  tjus  report,  may  be  suitable 
for  Army  use  as  primary  helicopter  trainers.'  However,  further  evalu- 
ation would  be  necessary  in  the  training  environment  of  the  USAPHS  at 
Fort  Wolters,  Texas,  before  final  determination  of  their  suitability  for 
the  training  mission  requirement  can  be  made.  It  was  recommended 
that  the  PH-4,  PH-5,  PH-6,  and  PH-7,  after  correction  of  the  de- 
ficiencies and  shortcomings  listed  in  this  report,  be  considered  qua- 
lified for  step  two  of  the  procurement  program;  and  that  the  PH-1  and 
PH-9,  after  correction  of  the  deficiencies  and  shortcomings  listed  in 
this  report,  be  considered  qualified  for  step  two  of  the  procurement 
program  with  the  under  standing  that  if  one  is  successful,  final  deter- 
mination of  its  suitability  for  the  training  mission  requirement  be  made 
by  the  USAPHS  after  further  evaluation  at  Fort  Wolters,  Texas. 
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